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ACADEMIE   EUROPEENNE   INTERDISCIPLINAIRE   DES   SCIENCES 
INTERDISCIPLINARY EUROPEAN ACADEMY OF SCIENCES 

5 rue Descartes 75005 PARIS 
 

Séance du Lundi  2 octobre 2017 /Maison de l'AX 17h 
 
La séance est ouverte à 17h sous la Présidence de Victor MASTRANGELO et en la présence 

de nos Collègues Gilbert BELAUBRE, Gilles COHEN-TANNOUDJI, Alain CORDIER , Jean-Felix 
DURASTANTI, Françoise DUTHEIL Claude ELBAZ, Michel GONDRAN, Irène HERPE-LITWIN, 
Edith PERRIER, Jacques PRINTZ,  Jean SCHMETS , Michel SPIRO, Jean-Paul TEYSSANDIER ,  
Jean-Pierre TREUIL .  

 
Etaient présents en tant que visiteurs Jean BERBINAU administrateur du lycée Saint Louis et du 

Collège Stanislas , Denise PUMAIN Professeur émérite à l'Université Paris I Panthéon Sorbonne 
(Géographie physique, humaine et sociale) et René PUMAIN chercheur à l'INSEM. 

 
Etaient excusés :François BEGON, Jean-Pierre BESSIS, Jean-Louis BOBIN,  Bruno 

BLONDEL, Michel CABANAC, Alain CARDON, Juan-Carlos CHACHQUES, Daniel COURGEAU, 
Sylvie DERENNE, Ernesto DI MAURO, Vincent FLEURY, Robert FRANCK, Jean -Pierre 
FRANÇOISE, Dominique LAMBERT, Valérie LEFEVRE-SEGUIN, Gérard LEVY,  Antoine LONG, 
Pierre MARCHAIS, Claude MAURY, Anastassios METAXAS, Jean-Jacques NIO, Alberto 
OLIVIERO, Marie-Françoise PASSINI, Pierre PESQUIES, Alain STAHL, Mohand TAZEROUT , 
Jean VERDETTI. 

 
 

I. . Présentation de notre conférencier Pier Francesco FERRARI par Victor 
MASTRANGELO: 

 
Pier Francesco FERRARI, est titulaire d'un doctorat d'état de l'Université de Parme en Italie en 
Psychopharmacologie et comportement (1997) et de formations post doctorales à l'Université de Tufts USA 
en Neurosciences (1997-1998) et à l'Université de Parme en Italie en Neuroscience et Cognition (1998-
2002).  
 
Il est actuellement Directeur de Recherche au CNRS à Lyon-Bron à l'Institut des sciences cognitives Marc 
Jeannerod (UMR5229) rattaché à Institut des sciences biologiques (INSB). Il est également Professeur 
adjoint (Adjunct Professor) à l' Université du Maryland, Programme USA Neuroscience and Cognitive 
Science et Pofesseur invité ( Visiting Professor) à l'Université de Reading en Grande Bretagne. Il a jusqu'en 
2016 exercé en tant que Professeur associé à l'Université de Parme en Italie .Il a dans ce contexte  encadré 8 
chercheurs post doctorants, et 14 doctorants..  
 
Concernant ses publications, il est l'auteur de deux ouvrages publiés, 2 publications générales, et d'une 
centaine de  publications dans des ouvrages à comité de lecture , 15 chapitres de livres.... Il est également 
reviewer de 45 publications scientifiques à comité de lecture et de fondations de recherche et éditeur associé 
de la revue Behaviour , membre du comité éditorial de PLoS One, Frontiers in Neurosciences, Frontiers in 
Comparative Psychology, Scientific Reports. Il a été conférencier dans une centaine de conférences 
internationales. Il est membre de diverses sociétés savantes telles que "Society for Neuroscience", 
"International Society of Behavioral Neuroscience".... 
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Il dispose pour son laboratoire de neurophysiologie  d'équipements sophistiqués tels que des enregistreurs à 
canaux multiples, des caméras à imagerie thermique. Sa recherche est conséquemment subventionnée par 
les gouvernements français et italien, la communauté européenne  et par le NIH.  

 
II. Conférence du Pr Pier Francesco FERRARI  

 

Résumé de la conférence:  
 

Construction d'un cerveau empathique 

L'empathie est la capacité de comprendre et de partager les états internes des autres. C'est un phénomène 
multidimensionnel complexe qui implique de nombreux processus fonctionnels incluant la reconnaissance 
de l'émotion, la contagion émotionnelle aussi bien que des aptitudes cognitives plus complexes dans  
lesquelles la réponse aux émotions des autres n'implique pas un partage des mêmes états internes, facilitant 
ainsi des réponses altruistes et prosociales. Les investigations pratiquées aux niveaux neurophysiologiques 
ont démontré qu'un mécanisme crucial  de l'empathie est développé par un mécanisme d'action-perception 
dans lequel le système moteur active des représentations partagées entre l'observateur et l'agent qui 
manifeste une réponse émotionnelle/affective. Ainsi, être témoin de l'émotion des autres n'est jamais passif, 
mais c'est un processus actif de prise en miroir ou de simulation de la même expérience affective. Certaines 
formes d'empathie ont été décrites chez d'autres primates et animaux, indiquant que l'empathie est un ancien 
héritage  évolutif probablement apparu pour soutenir des échanges intersubjectifs dans des espèces très 
socialisées et faciliter ainsi la cohésion de groupe.  

Ces dernières années, l'empathie a été explorée à partir d'une perspective développementale aussi bien chez 
les primates humains et non humains. Les études sur les effets des expériences sociales précoces entre le 
nourrisson et celui qui en prend soin  ont souligné l'importance des périodes de sensibilité précoces dans la 
construction de l'expérience affective des autres. Les perturbations dans les expériences sociales précoces 
pourraient conduire à des divergences de correspondance entre les représentations internes de l'expérience 
des autres et l'expérience affective réellement observée. Je vais explorer certains de ces sujets en vue 
d'établir quelques explications théoriques concernant le rôle critique du couplage d'action-perception neural 
dans l'émergence d'un cerveau empathique et dans la construction du partage d'expériences et de 
représentations . 
 
 
Un compte-rendu détaillé sera prochainement disponible sur le site de l'AEIS , http://www.science-inter.com 
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Annonces 
 

I. Quelques ouvrages papiers relatifs au colloque de 2014 " Systèmes stellaires et 
planétaires- Conditions d'apparition de la Vie"   - 
− Prix de l'ouvrage :25€ .  
− Pour toute commande s'adresser à : 

 
Irène HERPE-LITWIN Secrétaire générale AEIS 

39 rue Michel Ange 75016 PARIS 
06 07 73 69 75 

irene.herpe@science-inter.com 
 

II. L'ouvrage cité ci-dessus est accessible gratuitement sur le site: 
 
http://www.edp-open.org/images/stories/books/fulldl/Formation-des-systemes-stellaires-et-planetaires.pdf 
 
 

III. Pour la prochaine assemblée générale seuls les membres titulaires ayant acquitté leur 
cotisation seront habilités à voter.  

 
 

 
 
 
  

mailto:irene.herpe@science-inter.com
http://www.edp-open.org/images/stories/books/fulldl/Formation-des-systemes-stellaires-et-planetaires.pdf
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Documents 
 

 
 

Pour compléter l'intervention du Pr   Pier Francesco FERRARI nous vous proposons:  
 

p.07  : issu du site  https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/, un article intitulé "Empathy: 
Gender effects in brain and behavior"  publié dans Neuroscience & Biobehavioral Reviews. doi: 
10.1016/j.neubiorev.2014.09.001 en 2014 co-signé par Pier Francesco FERRARI. 

 
 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/,


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 1/53

Go to:

Neurosci Biobehav Rev. Author manuscript; available in PMC 2016 Nov 15.
Published in final edited form as:

Neurosci Biobehav Rev. 2014 Oct; 46(Pt 4): 604–627.
Published online 2014 Sep 16. doi:  10.1016/j.neubiorev.2014.09.001

PMCID: PMC5110041
NIHMSID: NIHMS828103

Empathy: Gender effects in brain and behavior
Leonardo Christov-Moore,  Elizabeth A. Simpson,  Gino Coudé,  Kristina Grigaityte,  Marco Iacoboni,  and Pier Francesco Ferrari

Ahmanson-Lovelace Brain Mapping Center, Brain Research Institute, UCLA (L C-M, KG, MI), Department of Psychiatry and Biobehavioral Sciences, Semel Institute for Neuroscience
and Human Behavior, David Geffen School of Medicine at UCLA (MI), 660 Charles Young Drive South, Los Angeles, CA 90095, USA

Dipartimento di Neuroscienze, Università di Parma, via Volturno 39, 43125 Parma, Italy
Eunice Kennedy Shriver, National Institute of Child Health and Human Development, National Institutes of Health, 16701 Elmer School Road, Dickerson, MD 20842, USA
The University of Edinburgh, Edinburgh, UK
Corresponding author. Tel.: +39 0521903947; fax: +39 0521903900. pierfrancesco.ferrari@unipr.it (P.F. Ferrari)

Copyright notice and Disclaimer

The publisher's final edited version of this article is available at Neurosci Biobehav Rev
See other articles in PMC that cite the published article.

Abstract
Evidence suggests that there are differences in the capacity for empathy between males and females. However, how deep do these
differences go? Stereotypically, females are portrayed as more nurturing and empathetic, while males are portrayed as less emotional and
more cognitive. Some authors suggest that observed gender differences might be largely due to cultural expectations about gender roles.
However, empathy has both evolutionary and developmental precursors, and can be studied using implicit measures, aspects that can help
elucidate the respective roles of culture and biology. This article reviews evidence from ethology, social psychology, economics, and
neuroscience to show that there are fundamental differences in implicit measures of empathy, with parallels in development and evolution.
Studies in nonhuman animals and younger human populations (infants/children) offer converging evidence that sex differences in empathy
have phylogenetic and ontogenetic roots in biology and are not merely cultural byproducts driven by socialization. We review how these
differences may have arisen in response to males’ and females’ different roles throughout evolution. Examinations of the neurobiological
underpinnings of empathy reveal important quantitative gender differences in the basic networks involved in affective and cognitive forms
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of empathy, as well as a qualitative divergence between the sexes in how emotional information is integrated to support decision making
processes. Finally, the study of gender differences in empathy can be improved by designing studies with greater statistical power and
considering variables implicit in gender (e.g., sexual preference, prenatal hormone exposure). These improvements may also help uncover
the nature of neurodevelopmental and psychiatric disorders in which one sex is more vulnerable to compromised social competence
associated with impaired empathy.

Keywords: Ontogeny, Gender, Sex, Contagion, Mimicry, Prosocial, Helping, Emotion, Mirror neuron system, Development, Evolution

1. Introduction
Empathy – the ability to understand and share in the internal states of others – is a complex, multidimensional phenomenon that includes a
number of functional processes, including emotion recognition, emotional contagion, and emotion priming (for recent reviews, see Decety
and Jackson, 2006; Singer, 2006; Walter, 2012), as well as the abilities to react to the internal states of others, and to distinguish between
one’s own and others’ internal states (e.g., Tomova et al., 2014). From the perspective of evolutionary and developmental biology,
empathy’s purposes, in both humans and nonhuman animals, can be broadly divided into two categories: Promoting prosocial, cooperative
behavior, and understanding or predicting the behavior of others (Smith, 2006).

Empathy has been studied from many perspectives (Davis, 1980; Decety and Moriguchi, 2007; Zaki and Ochsner, 2012). For example,
social psychology has examined the manifestations of empathy within moral reasoning and social behaviors like mimicry (e.g., Sonnby-
Borgström, 2002). In economics, studies have considered empathy’s effects on decision-making (e.g., Beadle et al., 2012; Loewenstein,
2005; Ferrari, 2014). Cognitive neuroscience studies of empathy, on the other hand, are mainly divided into two lines of research, one
focused on preconscious mechanisms which underlie/facilitate sharing (and mimicry) of others’ behaviors and internal states (we will refer
to it as mirroring); the other line of research is focused on a conscious, deliberative process through which inferences can be made about
others’ bodily and affective states, beliefs, and intentions (often called mentalizing) (Keysers and Fadiga, 2008; Zaki and Ochsner, 2012).
These two aspects of empathy can be roughly mapped onto affective (or pre-reflective) and cognitive (reflective) empathic predispositions,
respectively (Smith, 2006). Affective empathy is associated with activity in frontoparietal, temporal, and subcortical regions classically
associated with movement, sensation, and emotion, while neural systems involved in cognitive control and decision-making – such as the
cingulate, prefrontal, and temporal areas – are often activated during tasks requiring cognitive empathy (see Fig. 1) (Zaki and Ochsner,
2012).

Fig. 1
Neuroscientific approaches to studying experience sharing and mentalizing. (a) The experimental
logic underlying first-person perception studies of experience sharing. The blue circle represents
brain regions engaged by direct, first-person experience ...

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F1/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F1/
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How are these two primary modes of empathizing – cognitive empathy and affective empathy – related? While affective empathy involves
pre-reflective processes, humans seem nevertheless capable of consciously and unconsciously modulating it. Furthermore, humans are
capable of internally evoking emotions, behaviors, and sensations of an absent other, or even of ourselves at another point in time. We are
also capable of inhibiting our internal states and reflexive responses to others. Indeed, numerous studies have shown that mirroring is
modulated by numerous contextual factors, such as social distance, status, trustworthiness, group membership, and attention (Bernhardt and
Singer, 2012; Gu and Han, 2007; Guo et al., 2012; Hogeveen et al., 2014; Lamm et al., 2007; Liew et al., 2011; Loggia et al., 2008; Singer
et al., 2006), and is controlled by systems involved in cognitive empathy (Spengler et al., 2010). Conversely, some authors propose that
mentalizing and social decision-making may employ information derived from mirroring (Iacoboni et al., 2005; Obhi, 2012; Zaki and
Ochsner, 2009) (Fig. 2).

Fig. 2
Proposed relationship between mentalizing and mirroring processes and their accompanying
brain systems.

Recent studies suggest that a large portion of the ability to read intentions derive from pre-reflective mechanisms for processing biological
motion (Obhi, 2012), and studies of empathic accuracy have shown that accurately discerning the internal states of others, as well as
inferring intentions from observed behavior, relies on the interaction between mirroring and mentalizing processes (Liew et al., 2011; Zaki
and Ochsner, 2012). There is also evidence that our immediate affective responses to others’ pain and distress can increase prosocial
decision-making (Christov-Moore and Iacoboni, under revision; Hein et al., 2010; Masten et al., 2011; Ma et al., 2011; Smith, 2006).
Indeed, it is likely that, without the interactive participation of both modes of empathizing, social interactions would be impaired, potentially
impacting the health and wellbeing of the individual as well as those around him/her (Gallese, 2003).

While we now associate the mentalizing system with decision-making, musing about others etc., this system may have arisen in part as a
form of contextual control for mirroring. In our view, this seems likely for two reasons: compared to the mirroring system, both the
mentalizing system’s cognitive functions and the brain areas that underlie mentalizing (i.e., temporal and prefrontal cortices), (1) developed
more recently in our evolution and (2) are the last to mature during ontogeny (Preston and De Waal, 2002). Furthermore, neural systems
associated with mentalizing have been implicated in the control of behavioral mirroring (mimicry) (Spengler et al., 2010). Indeed, recent
evidence from our group (Christov-Moore and Iacoboni, under revision) suggests that mirroring areas and mentalizing areas exist in
interaction rather than as independent systems. Rather than just using the mirroring system when we view others in pain, feeling emotion,
or having fast social interactions that are typically thought to bypass mentalizing (Bohl and van den Bos, 2012), and using the mentalizing
system when we need to consciously make decisions in a social setting, guess the beliefs and intentions of others, or take another person’s
perspective, we may use both at all times. Obviously, one system may take the lead over the other, depending on the situation’s demands.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F2/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F2/
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This larger dynamic system formed by the interactions between mirroring and mentalizing may allow individuals to revisit past experience
and behavior, predict the consequences of their own behaviors, both for themselves as well as for others, and to selectively share in the
behavior and affective states of others in response to context (such as common group affiliation).

An understanding of empathy would be incomplete without a consideration of individual differences. Popular conceptions of gender –
defined here as reflecting both self-identification (i.e., females, males) as well as biological classification (i.e., female, male) – contain
expectations about empathy and empathic behavior, many of which have been borne out by extant research. However, empathy and gender
remain difficult to define, in part because the disciplines that study them use distinct and often non-overlapping methods and terminology.
While this difficulty is not something we can address in this article, we should keep it in mind when considering the evidence reviewed
here.

In reviewing gender differences in empathy, we propose to address two questions: first, how deep do gender differences in empathy go?
Cultural and societal effects on gender differences are most pronounced in explicit measures in which adults are asked to describe
themselves or produce a behavior which is clearly related to “empathy” or “sympathy” (Eisenberg and Lennon, 1983; Gleichgerrcht and
Decety, 2013). However, meta-analyses examining gender and sex differences in empathy provide results supporting fairly stable gender
differences across a broad range of measures (e.g., Cohn, 1991; Eisenberg and Lennon, 1983; Feingold, 1994; Hall, 1978, 1984; Hoffman,
1977; O’Brien et al., 2013; Thompson and Voyer, 2014; although, for null results see Lamm et al., 2007). Additionally, empathy has
developmental precursors in early infancy (Alexander and Wilcox, 2012; McClure, 2000) as well as evolutionary precursors in other social
animals (Preston and De Waal, 2002). Indeed, there is considerable overlap between empathetic behaviors demonstrated in young humans
early in development and in nonhuman animals. Thus, in addition to examining implicit measures of empathy, we can look to
developmental and evolutionary precursors of empathy for a more complete view of sex differences.

The second question this review will address is the nature of empathy itself, that is, what are its core biological and neural underpinnings?
More specifically: are individual differences in cognitive and affective subcomponents of empathy independent or tightly integrated (or
somewhere in between)? Are individual differences in the behavioral manifestations of empathy, such as social competence or prosocial
behavior, due to differences in low-level processes like emotional reactivity, or higher level functions like spatial reasoning or theory of
mind (ToM)? Which components of empathy emerge first during ontogeny, and does each component accomplish a specific proximate or
ultimate function throughout development? To what extent, and in what way, is empathy modulated and controlled by higher cognitive
functions? As recent cognitive neuroscience reviews have suggested (Zaki and Ochsner, 2012), the relationship between the principal
components of empathy, as they are currently studied, remains unclear. Although several scholars agree that emotional and cognitive
component of empathy underpin a broad range of empathic responses, a global concept of empathy remains elusive, and this is in large part
due to a lack of cross-talk among the disparate fields that study it. Studying gender differences in empathy might provide insights to
understanding empathy by observing whether such differences covary across different measures. For example, if we were to find consistent
gender differences in both affective empathy and prosocial behavior, but less consistent differences in cognitive empathy, we might infer
that affective empathy drives prosocial behavior.

1
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To address these issues, we structured this review into four parts. First, we will examine the evolutionary precursors of empathy. Then, we
will review gender differences related to the psychological and behavioral processes associated with empathy. Sex differences in empathy
will be also evaluated from an ontogenetic point of view. Lastly, we will review evidence suggesting that gender differences assessed at
behavioral and psychological level are supported by specific neural substrates.

2. Evolutionary precursors of empathy
In the last few decades, as outlined above, it has become evident that empathy is not limited to the cognitive manifestation of the capacity to
take the perspective of another, putting oneself in others’ shoes. Instead, empathic responses are often revealed by immediate responses of
the body (e.g., Levenson and Ruef, 1992), suggesting that the brain mechanisms mediating such responses are often devoid of cognitive
efforts (Shamay-Tsoory, 2014; Shamay-Tsoory et al., 2009).

Empathy should therefore be better understood as a multilayered phenomenon. There is general agreement that one of the most basic forms
of empathy is a fast, stimulus-driven response that aligns the motor behavior of the observer and the observed (Carr et al., 2003; Zaki and
Ochsner, 2012; Preston and De Waal, 2002; De Vignemont and Singer, 2006). This fast response appears to be the basis of emotional
contagion, in which emotions spread from individual to individual through mimicry, for instance, when someone smiles and observers
immediately do the same (Lakin et al., 2003; McIntosh, 2006). A number of studies show that vocalizations, postures, and movements are
often mimicked without awareness (e.g., Hatfield et al., 1992; Chartrand and Lakin, 2013). For example, as Darwin (1872) wrote:

As we review below, most of these phenomena are likely related to the activity of a mirror mechanism through which the observation of
others’ actions or emotions activates motor programs corresponding to observed actions.

Recent work has demonstrated that such emotional and behavioral responses, including sensitivity to conspecifics’ distress, are common in
the animal kingdom as well (e.g., monkeys: Nagasaka et al., 2013; pigs: Reimert et al., 2013; rats: Ben-Ami Bartal et al., 2014; mice:
Sanders et al., 2013; Mancini et al., 2013; Palagi et al., 2009). Empathetic behavior appears particularly strong in social species with
prolonged parental care, such as mammals and some birds, in which there are reports of behaviors that are indicative not only of sensitivity
to others’ emotional states, but also of the presence of some basic forms of empathy (Gonzalez-Liencres et al., 2013; de Waal, 2008; Edgar
et al., 2011). In some species, the bond between individuals is expressed through sophisticated emotional channels that have been shaped
through a long natural history. For example, capacities to cooperate, to support conspecifics during conflicts, and to provide comfort to
social partners in distress have been widely described in primates and other animals (e.g., elephants: Plotnik and de Waal, 2014;
chimpanzees: Romero et al., 2010).

When a public singer suddenly becomes a little hoarse, many of those present may be heard, as I have been assured by a gentleman on
whom I can rely, to clear their throats; but here habit probably comes into play, as we clear our own throats under similar
circumstances.” (p. 34)
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These phenomena imply that a type of affective channel between individuals may be involved in some species’ social relationships. In
support of this hypothesis, recent empirical studies in gelada baboons have demonstrated that the speed and frequency of rapid facial
mimicry (Fig. 3) were higher among individuals with strong bonds, such as mothers and their infants (Mancini et al., 2013).

Fig. 3
An example of rapid facial mimicry of play face in two juvenile gelada baboons (taken by PFF).

Interestingly, in bonobos yawn contagion appears stronger between kin and friends than with unrelated individuals (Demuru and Palagi,
2012), thus suggesting that emotional contagion is affected by the quality of the relationship and by the affective attunement between
individuals. Recent work in humans supports this hypothesis by demonstrating that the rate of contagion is greater in friends and kin
compared to strangers and acquaintances (Norscia and Palagi, 2011).

Although a number of studies have documented empathic or proto-empathic behaviors in the animal kingdom (for reviews, see Edgar et al.,
2012; Panksepp and Panksepp, 2013), few studies have tested whether there are sex differences in empathy. This is primarily due to the fact
that animal studies, like many human studies, often have small samples or samples of only one sex, therefore not allowing such
comparisons. Such studies are important because they can shed light on the evolutionary mechanisms that were selected to facilitate
empathy in some individuals, thus leading to individual differences in empathic predisposition (de Waal and Suchak, 2010). We review
below a small number of studies in animals that suggest higher levels of empathy in females than males, a motif that seems to recur in the
human literature as well.

2.1. Emotional contagion: Yawning, facial mimicry, and pain

One behavioral manifestation of empathy is mimicry, including facial mimicry (Niedenthal et al., 2010; Davila-Ross et al., 2008) and
contagious yawning (Platek et al., 2003; Campbell et al., 2009), both of which occur in human and nonhuman animals (Figs. 3 and 4).

Fig. 4
A yawn response of one chimpanzee during presentation of a yawn videotape (from Anderson et
al., 2004). The chimpanzee (named Ai) watches a yawn on the screen (top left), starts to yawn as
the stimulus yawn ends (top right), continues to yawn (bottom ...

Gelada baboons exhibit rapid facial mimicry, with the highest levels of mimicry occurring during mother–infant play (Mancini et al., 2013).
In terms of sex differences, female baboons, compared to males, exhibit stronger and more specific matching of yawn types (Palagi et al.,
2009). This may reflect stronger bonds among females, compared to males. Interestingly, in this species, females form coalitions, have long-
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lasting relationships, and share in infant care, thus supporting each other through alloparental care. If the dominant male dies or is replaced,
the females do not disperse but remain assembled in the group. It has been proposed that this form of social organization may favor the
capacity of females to be emotionally tuned to one another (Palagi et al., 2009). In bonobos, yawn contagion is strongest when the model is
a female (Demuru and Palagi, 2012). This finding is reminiscent of data in humans showing greater empathy directed at females than males
(Bryant, 1982; Olweus and Endresen, 1998).

A number of species can use the emotional expressions of others to guide their own behavior (e.g., Morimoto and Fujita, 2011); however,
few studies have examined whether there are sex differences in sensitivities to conspecifics’ emotional expressions. For example, when
viewing a conspecific in pain, the pain-associated behaviors in the viewer (e.g., writhing) can indicate the amount of empathy. Recent work
in rodents suggests females have greater sensitivity to other’s pain compared to males. In mice, for example, both males and females appear
to increase their writhing when viewing a familiar individual in pain (Langford et al., 2006). However, when paired with an unfamiliar
individual, males, but not females, show a decrease in their writhing, suggesting less sensitivity toward the pain of the unfamiliar mouse
(Langford et al., 2006). These data seem to be in accord with studies in humans suggesting that males tend to have their empathetic
responses influenced more by contextual cues compared to females (Brehm et al., 1984; Ickes et al., 2000; Singer et al., 2006).

2.2. Consolation and prosocial behavior

Consolatory behavior, that is, providing comfort to victims of aggression or individuals who are otherwise upset, appears to be widespread
throughout the animal kingdom. This behavior has been documented in great apes (e.g., chimpanzees: de Waal and van Roosmalen, 1979;
bonobos: Palagi et al., 2004; gorillas: Cordoni et al., 2006), canines (e.g., dogs: Cools et al., 2008; wolves: Palagi and Cordoni, 2009),
corvids (e.g., ravens: Fraser and Bugnyar, 2010; rooks: Seed et al., 2007), and, most recently, elephants (Plotnik and de Waal, 2014). Most
of these studies, however, had insufficient sample sizes to allow for examination of sex differences. Although sex differences in these
studies were rarely examined, in chimpanzees, female bystanders were more likely to console distressed individuals than males (Romero et
al., 2010), and in lowland gorillas, immature females offer more frequent consolatory contact than males (Cordoni et al., 2006).

One important aspect of empathetic behavior is whether individuals come to the aid of others in need and attempt to help them. While this
phenomenon has been well described in nonhuman primates (e.g., capuchins: Drayton and Santos, 2013; orangutans: Liebal et al., 2014), it
is also present – perhaps somewhat surprisingly – in rodents. For example, female mice were more likely than male mice to approach
cagemates who were restrained and in pain, compared to an unaffected cagemate (Langford et al., 2010). Females did not, however,
approach unfamiliar mice in pain. Stress may trigger females, but not males, to increase their affiliation toward familiar social partners, as
well as improving their general empathic tendency, a phenomenon known as the “tend-and-befriend” response (Taylor et al., 2000; also see
Bull et al., 1972; Tomova et al., 2014). Another study in rats found that females, compared to males, were faster and more likely to release a
trapped cagemate (Ben-Ami Bartal et al., 2011). This form of helping behavior occurred even when rats were not allowed social contact
after releasing the cagemate, and even when offered a food reward. The study suggests that rats, especially females, may behave in
intentionally prosocial ways, without training or reward, and act prosocially even when prosociality decreases food intake (i.e., having to



01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 8/53

share food with cagemate). Similarly, adult female rats are more likely than male rats to approach 50-kHz vocalizations –appetitive calls
that occur during rough-and-tumble play, associated with positive affect, and which may serve as contact calls (Seffer et al., 2014; Willadsen
et al., 2014).

Sex differences in other animals have also been observed. Jackdaws – a large-brained corvid species – were given the option of either
choosing a prosocial action, in which both the actor and the recipient received food, or a selfish action, in which only the actor received food
(Schwab et al., 2012). Female jackdaws were more likely than males to behave prosocially, while males were more likely to behave
selfishishly. In another study where males were not tested, female chimpanzees demonstrated spontaneous preferences for prosocial
rewards, as opposed to selfish rewards (Horner et al., 2011). Chimpanzee mothers and their offspring exhibit flexible helping behaviors,
providing partners with tools to accomplish their goals (Yamamoto et al., 2012). Female chimpanzees are also more likely than males to
share food with individuals with whom they have strong affiliative bonds (Eppley et al., 2013).

2.3. Sensitivity to others in play and caregiving

Sex differences in caregiving can emerge early in development, as evident in studies of play behavior. Studies investigated how individuals
manipulate objects, such as dolls, that traditionally are handled differently by boys and girls. In chimpanzees, juvenile females are more
likely than males to carry sticks as if they were infants (i.e., cradling sticks in their arms), while males are more likely to use sticks to hit one
another (Kahlenberg and Wrangham, 2010). Other studies show that while female play more often involves caring for another individual
(e.g., pretended baby), male play does not (e.g., Goldberg and Lewis, 1969; Hines, 2008). Indeed, in vervet and rhesus monkeys, males
played longer with wheeled toys and females played longer with dolls and plush toys (Hassett et al., 2008; Alexander and Hines, 2002),
similarly to human children (Pellegrini and Smith, 2005). This may occur due to different selective pressures on males and females because
of their different behavioral roles, with females more often being the primary caretakers of offspring (Alexander and Hines, 2002), helping
to practice relevant skills for survival and reproduction (Smith, 2010). However the proximate mechanisms underlying these different
preferences remain largely unknown (for a review, see Williams and Pleil, 2008). In Old World monkeys, females demonstrate more interest
in infants, engage in more play parenting throughout their juvenile years, and spend more time handling infants than males (Geary, 1998;
Maestripieri, 1994; Pryce, 1995). Similarly, while male dolphins engage in more solitary object-based play, females engage in more social
play (Greene et al., 2011). If play functions to prepare males and females for different social roles, then sex differences in play would only
be present in species in which males and females have different roles. For example, in grey wolves (Canis lupus lupus) males and females
have similar social roles (e.g., collectively rear offspring, cooperative hunting), and exhibit no differences in social play (Cordoni, 2009),
but in domestic dogs (Canis lupus familiaris) sex differences in play have been observed (Pal, 2008; Ward et al., 2008). For example, in
domestic dog puppies, when males played with females they initiated more offensive interactions (attack and pursuit) and more self-
handicapping behaviors than females, while females were found to initiate play more with other females (Ward et al., 2008). Play may be
important in helping individuals to learn to interpret emotional signals of others (LaFreniere, 2011), a skill which is foundational to
empathy.
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2.4. An evolutionary ancient instinct to care for offspring

It is possible that parental care is the ancient root from which more complex forms of empathy have emerged (Preston, 2013). However, in
several species, beyond mammals and birds, parents show complex forms of energy-demanding and potentially life-threatening parental
care, such as in spiders, cephalopods, fishes, frogs, and reptiles (Trumbo, 2012). It is unclear whether empathy is a key factor in motivating
such behaviors, given that, in most of these cases, parent intervention is not triggered by the needs of the offspring (which could reveal
sensitivity to others’ internal states), but rather by external danger stimuli activating defensive behavioral responses (Rosenblatt, 2003). For
example, in some species of spiders the young remain with the mother for an extended period, during which time the mothers provide food
and defense (Yip and Rayor, in press). Mammals evolved more complex behavioral strategies to cope with immature offspring, possibly
because such prolonged maternal care is necessary to facilitate offspring weaning and independence (Olazábal et al., 2013).

During the periods that precede and follow birth, mothers in all mammalian species experience changes in their physiology, anatomy, and
behavior (Olazábal et al., 2013). In most mammalian species, in terms of energy costs, mothers invest more in each offspring, compared to
fathers (Martin and MacLarnon, 1985). In some species, like chimpanzees, a mother usually gives birth to one infant every five years, and
keeps nursing for years, during which time the infant’s only source of food is the mother’s milk (Tutin and McGinnis, 1981). Unlike
humans, females of most Old World monkeys and apes rear their infants alone and largely without the collaboration of other females
(Hardy, 1976; Rogers and Davenport, 1970). The mother–infant relationship in primates is unique, characterized by the infant constantly
clinging, mother–infant embracing, and prolonged ventro-ventral contact (i.e., contact in which the infant clings to the front of the mother in
old-world monkeys and apes; e.g., Manning et al., 1994; Maestripieri, 1994).

Primates’ long period of altriciality (i.e., dependence on the mother for food, safety, etc.) may have produced a series of changes in females’
capacity to detect and respond adaptively to newborns’ signals and needs, that may impact the quality of mother-infant relationships, and
ultimately, infants’ long-term health. First, mothers must synchronize their own biological cycle and daily activities with the infants’ basic
needs (e.g., being fed periodically and for a long period of time). Given their extended period of need, infants evolved a system to
communicate their internal states to their mothers, based on their own needs and goals. In addition, the infants’ process of gaining
independence is long and the early stages of environmental exploration are mediated by the presence of the mother who provides oversight,
food and protection. This process is commonly framed in terms of ‘attachment’ (Chisholm, 1996), a framework that provides a theoretical
underpinning of the bond between infants and caregivers (Bowlby, 1969). One of the central concepts in attachment theory is the proximity
to the mother (Maestripieri, 2001, 2003). For example, in old world monkeys, apes, and humans, the mother plays a key role in the
evolution of attachment because mothers play an active role in breaking and making contacts with their infants as they become independent.
Furthermore, in primates, the mother–infant communication system relies on a complex combination of visual signals, vocalizations, and
gestures. The evolved facial communication system of primates is particularly suitable to express emotions and to externalize internal state.
Continuous ventro-ventral contact allows for face-to-face interactions, as mothers and infants are already facing one another (Matsuzawa,
2007). These face-to-face interactions have profound effects on mothers’ biology and psychology, in terms of mothers’ capacity to evaluate
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Go to:

the infants’ distress, to anticipate dangers, to re-establish contact with offspring when it is lost, and to reduce the infant’s agitation or fear
associated with separation (Maestripieri, 2003).

Females, as the primary caretakers of the young infants, may have evolved adaptations to be sensitive to nonverbal expressions, as such
sensitivities may have increased infant survival (Babchuk et al., 1985; Hampson et al., 2006). According to the Primary Caretaker
Hypothesis, males did not experience this same selective pressure, and therefore this may account for sex differences in emotion recognition
and empathy. Indeed, maternal sensitivity and a healthy attachment influence infants’ health and immune functions (Goldberg, 2000).
Human newborns are also sensitive to facial signals and mother–infant interactions are characterized by a rich-repertoire of face-to-face
interplays with a clear temporal structure (Feldman, 2007; Stern, 1977; Trevarthen, 1979). During these shared moments mothers provide
important social inputs to infants, which are critical for infants’ social and cognitive development (Trevarthen, 1998; Nagy, 2006). More
recently it has been shown that similar patterns of face-to-face interactions are present in monkeys and apes, during which mothers produce
a variety of facial expression to the infants, exaggerating the gestures and accompanying them with vocalizations (Ferrari et al., 2009;
Maestripieri and Wallen, 1997; Matsuzawa, 2007).

Might this primary caretaker selective pressure account for sex differences in empathy? An attempt to answer this question may be possible
through future studies that compare species with higher degrees of paternal care – such as in siamangs, tamarins, marmosets, titi monkeys,
and owl monkeys – with species with lower degrees of paternal care. Sex differences in empathy should be predicted by the species-typical
degree of relative paternal and maternal care. For example, in titi monkeys and owl monkeys, the fathers are the primary carriers of the
infants, and may carry infants for up to 90% of the time (Fernandez-Duque et al., 2009). In titi monkeys, in fact, infants actually prefer their
fathers to their mothers (Mendoza and Mason, 1986).

To summarize, the evidence thus far is consistent with the idea that selective pressures shaped females’ anatomy, physiology, and
neurobiology to facilitate sensitivity to infants’ internal states and resultant nurturing behavior. Hence, sex differences in foundational
aspects of empathic behavior may derive from a common evolutionary history of maternal care.

3. Behavioral and psychological gender differences in humans

3.1. Emotion recognition, priming, and emotion contagion

In humans, the ability to recognize other people’s emotions varies among individuals (Martin et al., 1996). Throughout the non-verbal
perception literature there appears a consistent pattern of interindividual differences: a female advantage in nonverbal emotion recognition,
in both visual and auditory modalities (Hall, 1990; McClure, 2000; Schirmer et al., 2007; for recent reviews, see Kret and De Gelder, 2012;
Stevens and Hamann, 2012; Thompson and Voyer, 2014). Though an extensive review of these studies is outside of the scope of the present
review, we will focus on a few key areas of emotion recognition related to empathy, including emotion conveyed through body language,
emotion contagion, and socioemotional priming.
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Studies report that facial expression recognition skill for briefly presented faces – which therefore must be processed using rapid,
prereflective strategies – is positively correlated with self-reported empathic concern (Davis, 1983). In contrast, facial expression
recognition skill for expressions presented for longer lengths of time – therefore allowing more cognitive-based strategies – is correlated
with self-reported cognitive empathy and social understanding (Lawrence et al., 2004). Therefore, both types of empathy, emotional and
cognitive, are related to individual differences in skills for identifying other people’s emotions (Besel and Yuille, 2010).

Females are faster and more accurate than males in recognizing facial expressions (e.g., Babchuk et al., 1985; Hampson et al., 2006; Thayer
and Johnson, 2000). There is also a small but growing literature on gender differences in the ability to recognize emotional body language.
The point-light display method allows for the study of biological motion, such as body language, and consists of displaying little spots of
light at various points on the target’s body, which then move when the target moves, on a dark background, and therefore reflect the motion
of a specific movement (e.g., walking, running, jumping), while removing all other cues (Johansson, 1973). Females, compared to males,
appear to be faster (Alaerts et al., 2011) and more accurate (Sokolov et al., 2011) at recognizing bodily emotions, such as identifying actions
as happier, sadder, angrier or no different from a preceding neutral action. Specifically, females were more accurate than males in
recognizing angry and neutral body language, while males were more accurate than females in reading happy body language (Sokolov et al.,
2011). Interestingly, emotion recognition of body language is modulated by the sex of the target: males recognize expressions of happiness
in female locomotion faster and more accurately, while females seem to be better and faster at recognizing angry locomotion of males,
which, from an evolutionary perspective, is consistent with mating-related and threat-avoidance goals in males and females, respectively
(Krüger et al., 2013). This finding also raises another important issue, that is, whether different natural selection pressures acted upon
specific neural circuits to sustain abilities that confer reproductive advantages. The studies reported above, in fact, may suggest, although
speculative, that sexual selection could have rendered males more sensitive to females’ social positive signals in the context of courtship and
sexual behavior. The capacity to detect positive emotions in females could allow males to detect female interest and potential mating
opportunities. Recent work has shown that social cues, such as smile, can affect sexual preference and the transmission of sexual
preferences in others (Jones et al., 2007). While females, by being more accurate in reading emotions through body language, could better
rate the behavioral/emotional quality of the potential partner in terms of his paternal care capacity and sensitivity to the woman’s and
children’s needs. Clearly more extensive work is required to understand the possible functions and evolutionary implications of the above
described gender differences.

Although emotional contagion seems to contribute to emotion recognition (Hatfield et al., 1993), there are few studies investigating gender
differences in emotion contagion. In one study, females, compared to males, reported greater susceptibility to contagion and displayed more
overt signs of contagion in a semi-naturalistic setting, for both positive and negative emotions (Doherty et al., 1995). Similarly, when
providing support for a troubled friend, females experience more emotion contagion than males (Magen and Konasewich, 2011). In fact,
females report experiencing emotion contagion more often than males in their daily lives (Kevrekidis et al., 2008). Females, compared to
males, exhibit greater facial mimicry when viewing expressions (Dimberg and Lundquist, 1990; Lundqvist, 1995; Sonnby-Borgström et al.,
2003) and rely more than males on facial feedback for recognizing facial expressions (Stel and van Knippenberg, 2008).
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Another approach to the study of emotional contagion examines pre-reflective emotional processing using an emotional priming method in
which participants are exposed to negative or positive emotional cues outside of conscious awareness, such as happy or sad faces (Donges et
al., 2012). In one study, participants were presented with a face prime expressing either happiness or sadness, followed by a neutral face,
and then asked to evaluate how happy or how sad the neutral face appeared. They report that females tended to identify neutral faces as
happier than males, and hence females, compared to males, were more affected by happy face priming (Klauer, 1997). This suggests that
females might have a greater ability than males to perceive happy emotions at the pre-reflective level in visual stimuli (for similar findings
in auditory stimuli: Schirmer et al., 2007). In another study, participants were primed to be in either happy or sad moods using short film
scenes, followed by measures of participants’ emotion recognition accuracy (Schmid et al., 2011). They report that males primed for a
happy mood recognized facial emotions more accurately than when primed for a sad mood, while females did not show any significant
priming. Additionally, eye tracking research revealed that females tended to process facial expressions more globally (i.e., attending to the
whole face rather than localized areas) than males and were more accurate in emotion recognition. Furthermore, participants used more
global processing after being primed for happy mood rather than for sad mood. However, only males became more accurate in recognizing
emotions when primed for happiness. Together these results suggest that females seem to use global processing by default and therefore are
not as affected by happy mood primes, while males do not use global processing by default and are therefore more sensitive to the happy
prime. In related work, females fixated more on the eye regions of faces, compared to males, which may also be related to the female
advantage in facial expression recognition (Hall et al., 2010), and which appears positively associated with empathetic skill (Cowan et al.,
2014).

While generally it seems that females are either significantly faster or more accurate (or both) at emotion recognition, some studies show no
gender differences (Klein and Hodges, 2001). This failure to find differences may be due to variation of experimental contexts and designs.
For example, females were less accurate than males at judging interpersonal behavior by verbal and nonverbal cues if they thought that they
were being tested on interrogation skills in the military (a historically masculine occupation), while males were less accurate if they thought
the test measured judgment skills necessary for social workers (a historically feminine occupation) (Horgan and Smith, 2006). Higher
empathic accuracy scores in females might be driven by motivation to appear more empathic (Klein and Hodges, 2001). They did not find
any significant differences in empathic accuracy between males and females when they were asked to complete a sympathy questionnaire
after the empathic accuracy test. However, females performed better if they had to fill in the questionnaire before the task. The results
suggest that females are motivated to try harder to understand other people’s feelings during the task if they think that what is measured is
relevant to a stereotypical female role (sympathy). Although motivational differences between males and females may account for some of
the reported findings of female advantages in empathy, they cannot explain female advantages in automatic/unconscious nonverbal
perception (e.g., Donges et al., 2012), or female advantages in populations that do not exhibit social desirability biases, such an nonhuman
animals and infants, reviewed below.

3.2. Mentalizing
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3.3.1. Economic behavior

Mentalizing is a largely conscious, deliberative process by which individuals take others’ perspectives and infer others’ intentions and
beliefs (Zaki and Ochsner, 2012). As such, it is a major component of empathy. In contrast to findings on affective responsiveness and
emotion recognition, there is inconsistent evidence for gender differences in ToM, or the ability to conceive of others’ mental states,
including what others’ know, want, feel, or believe (Premack & Woodruff, 1978). While there are a number of studies in children that report
female advantages in ToM, reviewed below, there are fewer studies in adults examining ToM, in general, as it is assumed that adults already
have mature ToM abilities.

In a study on visual perspective-taking (a precursor to ToM), males, but also females with relatively high autism spectrum disorder (ASD)-
characteristic personality traits were slower in perspective-taking than females with low ASD traits, suggesting that high-ASD-trait
individuals, regardless of sex, may show lower fluidity in adopting another’s visual perspective. This difference in visual perspective-taking
hints at differences in the more general ability to understand what others see, think, and feel. Some sex differences in ToM tasks may be
driven by the fact that males, compared to females, report that they less often adopt someone else’s perspective during everyday situations
(Pearson et al., 2013). Studies of imagined perspective transformation (in which the participant has to mentally adopt a different perspective
from their current one, relative to an external object) suggest an increased emphasis on visuospatial processes in males during perspective-
taking, rather than the social–emotional perspective-taking processes in which females typically show an advantage (Gardner et al., 2012;
Meneghetti et al., 2012).

Only one study, to our knowledge, reported a male advantage in ToM (Russell et al., 2007). In this study, participants viewed 12 cartoons,
half of which require an understanding of the cartoon character’s mental state in order to “get” the joke, and half of which require an
understanding of physical state to “get” the joke. Males outperformed females on both the mental and physical state cartoons. The authors
concluded that this advantage was potentially due to a greater emphasis on cognitive-systematizing strategies in males.

These studies suggest that there may be gender differences in cognitive forms of empathy, such as perspective taking and ToM. These
differences, however, may also be influenced by contextual factors (hence some apparently inconsistent findings). This contextual
modulation may be key to a better and more nuanced understanding of gender differences in empathy based on the interaction between
multiple processes. Indeed, there is evidence to suggest that cognitive and affective forms of empathy operate in an interactive way, with
each contributing information and modulation to the other (Decety and Moriguchi, 2007; Chrisov-Moore and Iacoboni, under review).

3.3. Prosocial behavior

Since empathy aids in understanding others’ emotions, it is also likely to be a major driving force in pro-social behavior. There has been a
growing body of research investigating altruistic behavior (e.g., helping, sharing, volunteering) by means of economic games and self-report
studies linking empathy to pro-sociality. As we review next, these studies indicate not only that the level of empathy is positively correlated
with pro-social behavior, but also that females may be more empathic and thus more altruistic than males.
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One of the most common ways of investigating pro-social behavior in human adults is with economic games. In the Ultimatum Game, two
individuals (a proposer and a responder) divide up a sum of money between them, based on the proposer’s offer of a division of the total
sum. The responder can then either accept (both get the money) or reject the offer (both get zero). It is important to note that offers are
rejected mostly when considered to be unfair. One study found that females accept offers more frequently, and also that females’ offers are
accepted more often, although there were no sex differences in the amount offered (Eckel and Grossman, 2001). In contrast, another study
reported the opposite: that female offers are rejected more often by both sexes, with the lowest acceptance frequency in female-female
pairings, suggesting that females’ expectations for a fair behavior is higher when facing another female (Solnick, 2001). This may explain
why cooperation rates among females are lower than among males or among mixed-sex pairings (Balliet et al., 2011); it could be that
females have higher expectations of other females and/or are more likely to try to take advantage of other females, compared to interactions
with male partners. Additionally, participants had to identify the minimum offer they would still accept which revealed that the responders
of both genders set their minimum acceptable offers higher when paired with female proposer. The inconsistency of the results in these two
studies is likely due to different experimental conditions. In Eckel and Grossman (2001) the participants had face-to-face interactions while
in Solnick (2001) they did not see each other, and greater strategic thinking might have been invoked when participants were asked to
indicate their minimum acceptable offer. In a three-party Ultimatum Game, where a proposer had to divide the money between him/herself,
a responder and a non-responding third player, females are more likely to offer an equal three-way split then males (Guth et al., 2007). This
suggests that female behavior in economic games might in fact be altruistic rather than strategic. These findings indicate a higher level of
altruistic behavior in females (Croson and Gneezy, 2009).

In the Dictator Game – a similar game to the Ultimatum Game except the recipient must always accept the offer – females give twice as
much as males when the gender of receiver is anonymous, compared to when the gender is known (Eckel and Grossman, 1998). In another
study, female participants, compared to male participants, gave less to females, while female participants’ sharing with males or with
individual of unknown gender did not differ, and male participants’ behavior was not influenced by the target’s gender (Ben-Ner et al.,
2004). In a two-sided dictator game, a proposer divides the given sum of money between him/herself and a responder. The responder gets
triple the amount of what the proposer offers and then has to divide that sum between him/herself and the proposer. Using this design with
the players’ genders unknown, females responders tended to return more money (i.e., act more prosocially) than males (Croson and Buchan,
1999). The self-report questionnaires filled in by the participants after the game indicated that females felt more obliged to return at least the
same amount as they were given. This suggests that females’ decisions in this particular experimental setting might be driven by reciprocity
rather than altruistic behavior. Indeed, there were no significant gender differences in the amounts offered by the proposers. These results
are inconsistent with those of Eckel and Grossman (1998) because they do not show greater altruistic behavior in females. In fact,
experiments investigating how specific situational factors influence altruistic behavior showed that females appear more generous when the
motivation for reciprocity is eliminated, e.g., during the dictator game where there is no interaction between the proposer and the responder.
Furthermore, the social distance of the participant to the recipient, where knowing the name of the responder indicated low social distances,
and not knowing indicated high social distances, could predict the level of generosity in females. This suggests that inconsistent findings
across studies may be due to complex modulatory factors as well as due to greater female sensitivity to different experimental conditions
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3.3.2. Naturalistic data: Volunteering, donating, and other altruistic behavior

(Cox and Deck, 2006). Furthermore, Andreoni and Vesterlund (2001) performed a dictator game study in which participants had to allocate
eight different budgets of money consisting of tokens of different values. Each budget had different relative prices of self-payoff and other-
payoff meaning that, for some budgets, keeping value was higher than giving value and vice versa. The study revealed that females gave
more than males when giving was expensive, which caused more fair sharing. Males gave more than females when giving was cheaper,
ensuring higher payoff for themselves. These results suggest that males’ sharing behavior is more sensitive to contextual factors than
females’ sharing behavior. In a nutshell, the presented collection of economic behavior studies suggests that females are more inequality-
averse while males base their decisions on efficiency. However, taken together, findings from the economic literature seem to indicate a
higher level of altruistic behavior in females (Croson and Gneezy, 2009).

One may argue that the results yielded by economic game
studies do not necessarily apply to real life situations. In other words, they may have little ecological validity. However there are reports of
charitable giving and hours of volunteering between males and females that do support the experimental findings. Empathic concern and
helping behavior is positively correlated with generosity for both genders (Mesch et al., 2011). Females tend to score higher as well as
donate more and more often (Mesch et al., 2011). Furthermore, females tend to volunteer more often and more hours than males (Mesch et
al., 2006). In experimental studies, females are usually more likely to help than males (Eckel and Grossman, 2008). Females exhibit more
caring prosocial moral judgment (Jaffee and Hyde, 2000) and exhibit more sophisticated forms of prosocial moral reasoning (Eisenberg et
al., 2014). Females give more of their time and money to charities (for a review, see Einolf, 2011). Furthermore, in a study by Aguiar et al.
(2009) participants were instructed to choose between male and female boxes containing slips of paper describing their intake from the
dictator game (participants’ payoffs depended on the amount written on the slips). 63% of the participants chose the female box and 79% of
female participants chose the female box. This suggests that female participants are also expected to be more altruistic. However, in terms of
amount donated per person, males give higher amounts than females (Piper and Schnepf, 2008); although, this may be due to higher
incomes, on average, for males, or due to the fact that males are more likely to display their resources as a mating signal (e.g., Iredale et al.,
2008).

While males help more often in certain contexts, females help more in other contexts. For example, females are more likely to help in low-
risk–low-physical-strength (LRLS) situations, such as to look after neighbor’s pet or give clothes to charity (Erdle et al., 1992). Males, on
the other hand, tended to help more in high-risk–high-physical-strength (HRHS) situations (e.g. helping to push a car, giving a stranger a lift
in a car). Both helping dimensions were positively correlated with outgoing personality characteristics and conventionality (value for
responsibility and organization) in males. In contrast, HRHS was negatively correlated with conventionality, and LRLS was positively
associated with open-mindedness in females. These results are consistent with both social roles (nurturing and caring by females vs. heroic
defending and chivalry by males) as well as biological perspectives (greater physical strength and size of males). Social distance was also
shown to have an effect on the tendency to help. A study using self-report questionnaires found that the likelihood of helping could be
predicted by social closeness only in females, with females, but not males, being more likely to help a friend then a stranger (George et al.,
1998). Moreover, male helping in general was more action-oriented (e.g., helping change a tire) while females seemed to be more likely to
help with emotional concepts and provide sympathy.
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Although it seems females are more altruistic, there are also sex differences in females’ and males’ reasoning/justification for helping (or
not helping). While males and females tend to be prosocial when given hypothetical situations, their reasoning differed: Females’ decisions
seemed more empathy-related and they appeared happier about their decision compared to men, as indicated by self-report questionnaires
(Mills et al., 1989). In addition, males’ decisions on giving were more influenced by descriptive norms (beliefs of what most people do),
which also indicated that men were more concentrated on self-presentation rather than exhibiting truly altruistic behavior (Croson et al.,
2010).

In summary, studies of experimental economic games and the analysis of naturalistic data of charitable and volunteering behavior show that
the majority of the data does reflect higher altruism in females.

4. Sex differences in the development of empathy in humans

4.1. Precursors to empathy in infancy: Emotion contagion, mimicry, and social interest

Rudimentary forms of empathy may exist in infants – perhaps facilitated by the matching and synchronization of emotional facial
expression – behaviors that appear to promote emotional closeness of mothers and infants (e.g., Murray et al., 1996). The degree of
emotional synchrony can be determined by monitoring mother–infant physiology (e.g., heart rate: Feldman et al., 2011), or behavior (de
Waal, 1989; Sagi and Hoffman, 1976). For instance, contagious crying is a phenomenon in which human infants cry when they hear others
cry (Martin and Clark, 1982; Sagi and Hoffman, 1976; Simner, 1971; Ungerer, 1990; Zahn-Waxler and Radke-Yarrow, 1982), but not when
they hear other control sounds (Dondi et al., 1999; Martin and Clark, 1982; Sagi and Hoffman, 1976; Simner, 1971). Thus, infants’ reactive
crying is more than simply an arousal response to an aversive noise, but rather appears a specific response to emotional social stimuli,
possibly reflecting emotional contagion.

Although we know of no studies that have examined sex differences in newborns’ physiology in response to emotional social stimuli, a
number of studies have examined sex differences in newborns’ behavioral reactions. For example, from birth, there appear to be sex
differences in social behaviors (for a review, see Alexander and Wilcox, 2012), including potential precursors of empathic predisposition
(McClure, 2000). Female neonates, compared to males, are more likely to cry and cry longer when hearing another infant cry (Hoffman,
1977; Sagi and Hoffman, 1976; Simner, 1971). Female neonates, compared to males, also make more eye contact (Hittelman and Dickes,
1979) and are more likely to orient to faces (Connellan et al., 2000) and voices (Osofsky and O’Connell, 1977). This general social interest
and responsiveness may reflect precursors or foundations of empathy because they provide infants with opportunities to learn about the
behavior of other individuals. Infants who are less socially interested and/or attentive will not learn as much about other people. Some have
proposed reduced social tuning may be a potential factor contributing to autism (i.e., Chevallier et al., 2012), a disorder characterized by
impairments in social competence and empathy (Baron-Cohen et al., 2005). Specifically, typically developing infants – and female infants
especially – prefer social stimuli, which preferentially capture their attention, and find social stimuli particularly rewarding, creating
opportunities for social learning and to strengthen social bonds. Children that will eventually develop autism, in contrast, spontaneously
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attend less to social stimuli, thereby limiting their exposure to critical opportunities for social learning (Chawarska et al., 2013). Thus, early
differences in social motivation or social interest may account for some individual differences in social functioning later in life.

Human infants’ sensitivity to facial expressions is important early in life, as it aids them in learning about their environment. For example, if
an adult produces a fearful expression in response to a novel object, infants will modulate their response accordingly. As Darwin (1872)
noted, “The movements of expression in the face and body, whatever their origin may have been, are in themselves of much importance for
our welfare. They serve as the first means of communication between the mother and her infant; she smiles approval, and thus encourages
her child on the right path, or frowns disapproval” (pp. 365–366). He also aptly observed “Every one must have noticed how readily
children burst out crying if we pity them for some small hurt.” (p. 218). Thus, children can use others’ emotional reactions to assess their
own situation and appropriate emotional reaction.

Newborns also imitate these facial expressions, including expressions of fear, sadness, and surprise, a phenomenon known as neonatal
imitation (Field et al., 1982). Only one study to date has specifically examined sex differences in neonatal imitation, and found that female
neonates, compared to males, were more skilled at imitating finger movements (Nagy et al., 2007). More studies of sex differences in
infants seem necessary, given that the ability to spontaneously mimic facial expressions may be a skill underlying several social behaviors
and competences, including empathy (e.g., Oberman et al., 2007; Sonnby-Borgström, 2002). Motor mimicry is one way through which
children can learn about the experiences of others (McDonald and Messinger, 2011). Interestingly, typically developing children
automatically mimic facial expressions, while children with autism do not appear to do so (Oberman et al., 2009). Disorders characterized
by impaired empathy, including autism, are more common in males than females (Blair, 1995; Charman et al., 1997; Dodge, 1980; Baron-
Cohen, 2002), and males also appear to be more susceptible to impairments in empathy. For example, one way in which male infants appear
more susceptible to impairments in empathy is through their pacifier use. Specifically, infants’ pacifier use – which decreases facial mimicry
– predicts, and is negatively associated with, later perspective taking and emotional intelligence in males, but not in females (Niedenthal et
al., 2012). In other words, males may be more negatively impacted by interference with their facial mimicry early in development, which
impacts their later emotion understanding (Niedenthal et al., 2012).

With increasing age, infants demonstrate increased understanding of others’ facial expressions. At 3 to 4 months, females may discriminate
and understand expressions better than males (McClure, 2000) as suggested by the fact that they exhibit more distress than males in
response to a maternal still-face, a paradigm in which, after a face-to-face social interaction with the mother, the mother assumes a neutral
face and is unresponsive to the infant (e.g., Mayes and Carter, 1990). Such differential facial processing may be due to differences in visual
attention to faces at this age, with females focusing more on internal facial features (e.g., eyes, mouth), compared to males, who shift their
gaze more between internal and external features (outer contours) (Rennels and Cummings, 2013). These sex differences in social attention
continue later during development. Around 12 months of age, female infants, but not male, prefer to view the biological motion of facial
expressions to non-biological motion (Lutchmaya and Baron-Cohen, 2002), and when confronted with novel situations, females, but not
males, are influenced by maternal facial and vocal signals of happiness or fear (Rosen et al., 1992). Interestingly, when mothers were
instructed to direct fearful expressions at their infants, mothers’ expressions were less intense when directed at female infants compared to



01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 18/53

male infants, perhaps reflecting the mothers’ awareness of their infants’ sensitivity to such expressions (Rosen et al., 1992). These findings
are consistent with other reports that by the end of the first year of life, female infants, compared to males, are more responsive to their
mother’s voice, initiate more maternal social interactions, and spend more time in close proximity to their mothers (Gunnar and Donahue,
1980; Wasserman and Lewis, 1985).

4.2. Toddlers and older children: Prosocial behavior and cognitive empathy

Rather than simply becoming personally distressed upon seeing another individual in distress, older children may better recognize and
understand distress in others, although personal distress may be a precursor to recognizing and understanding distress in others (Batson and
Shaw, 1991; Hoffman, 1975). One way of measuring this distinction is through assessing prosocial behavior. While 1 to 1.5-year-olds often
respond to distressed others by exhibiting distress themselves, by 2 years of age, nearly all children demonstrate helping behaviors when
others appear in distress (Radke-Yarrow and Zahn-Waxler, 1984; Zahn-Waxler and Radke-Yarrow, 1982) and sometimes imitate distressed
behaviors of others (Zahn-Waxler et al., 1977), perhaps to try to understand such expressions (Thompson, 1987). By 1 to 2 years of age,
female children in these situations show greater concern (e.g., sadness, sympathetic vocalizations, comforting) than male children
(Hoffman, 1977; Volbrecht et al., 2007; Zahn-Waxler et al., 1992a). Similarly, a twin study of infants aged 14 to 20 months reported that
females, compared to males, had higher empathy scores in their empathetic reactions to others’ distress, and that empathy was moderately
heritable (Zahn-Waxler et al., 1992b), consistent with another twin study in 14 to 36-month-olds (Knafo et al., 2008). This work is generally
consistent with the notion that at least some aspects of empathy – including empathetic concern and personal distress – are moderately
heritable (e.g., Chakrabarti and Baron-Cohen, 2013; Davis et al., 1994; Volbrecht et al., 2007), and in fact, it is estimated that approximately
half of all variability in self-reported altruism may be due to genes (Rushton, 2004). In addition, it appears that the heritability of empathy
may differ for males and females (e.g., Ragsdale and Foley, 2012; Lewis and Bates, 2011).

As children get older, their empathic predisposition acquires more cognitive layers, including what is often called perspective taking. In a
study, 4- to 5-year-old children were shown videos to elicit personal distress, including videos of children frightened by a thunderstorm,
saddened by the loss of a pet, or struggling to walk due to deformities (Eisenberg et al., 1988). Though there were no sex differences in
heart rate, children did vary in their self-reported emotions (i.e., verbal reports and pointing to facial expressions), with females reporting
more vicarious emotions. In another study, when 4-year-olds were shown photos of children in various emotion-evoking situations and were
asked how they felt, females reported more empathetic emotions than males (Hoffman and Levine, 1976). A study of 5- to 13-year-old
children’s reactions to an infant crying found that females were better than males at both guessing causes of the infant’s distress (indicating
better perspective-taking) and thinking of ways to comfort the infant (Catherine and Schonert-Reichl, 2011). By 2 to 6 years of age, females
outperform males in false belief tasks (Charman et al., 2002), a classical test of ToM. A study of preschool children’s theory-of-mind
understanding and social competence reported that, after controlling for age, theory-of-mind understanding significantly predicted
aggressive or disruptive behavior for boys and prosocial behavior for girls (Walker, 2005). Theory-of-mind understanding also was related
to lower scores of shyness or withdrawn behavior for boys. This may suggest that ToM is devoted toward differing goals in males and
females, with males tending to seek dominance and females tending to seek conciliation (Walker, 2005).
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In self-reports of empathy, females report higher levels than males from about 5 to 9 years of age (Chapman et al., 2006; Hughes et al.,
2005). In this line of studies, experimenters often show photos or videos of individuals in varying emotional states and ask children to
describe their own emotional response to the picture (e.g., Feshbach and Feshbach, 1969; Feshbach and Roe, 1968; Levine and Hoffman,
1975), to pick a corresponding emotion that matches a film (Hamilton, 1973), or to match a facial expression to an emotional picture, during
which time children’s expressions are rated (Buck, 1975). In one of these studies, second and fifth graders watched a video about
individuals who had been in car accidents and were now in the hospital with injuries. The study shows that females exhibited more sad
expressions and reported more sympathy and distress than males (Eisenberg et al., 1991), consistent with other studies in older children that
found greater empathy in females than males (Feshbach and Feshbach, 1969; Feshbach and Roe, 1968; Levine and Hoffman, 1975). It must
be noted that both male and female children appear more empathetic toward same-sex individuals (i.e., males more empathetic to males, and
females more empathetic to females; Feshbach and Roe, 1968). In 10- to 13-year-old children, females appear to be better than males at
understanding feelings and intentions of story characters (Bosacki and Wilde Astington, 1999), a finding that is consistent with similar
findings in late adolescence (age 9 to 17 years; Hatcher et al., 1990). Female children, age 7 to 11 years, are also more likely than male
children to recognize faux pas, such as when a speaker says something without a consideration of the listener (e.g., socially awkward or
tactless), resulting in negative social consequences (Baron-Cohen et al., 1999). Compared to males, females, age 3 to 12 years, are more
concerned about sharing, turn taking, and cooperating (Charlesworth and Dzur, 1987; Knight et al., 1989). By late childhood, females are
better at identifying nonverbal emotional cues (Blanck et al., 1981; Hall, 1978).

Male children may have more control over their empathy or may not empathize as automatically as female children. For example, in 6- to 7-
year-old children, male children show higher rates of donations to those in need when instructed to be empathetic (i.e., imagine themselves
in the other person’s situation), while females are equally empathetic whether instructed to do so or not (Brehm et al., 1984). Such effects
may be similar to findings in adults that males, but not females, are less empathetic toward social partners who are perceived as behaving
unfairly (Singer et al., 2006). In this way, males may be more sensitive to contextual influences on their empathy and their empathy may be
more dependent on their motivational state (Ickes et al., 2000).

As mentioned previously, facial mimicry seems associated with empathic predisposition (e.g., Oberman et al., 2007; Sonnby-Borgström,
2002). In 6 to 7 year-old children, individuals with autism who score lower on social responsiveness also are less likely to mimic fearful
expressions, as measured by facial electromyography (Deschamps et al., 2013). Contagious yawning may also be associated with empathy
(Preston and De Waal, 2002). This behavior does not appear until around 5 years of age (Anderson and Meno, 2003). While there are no
studies that specifically examined whether there were sex differences in contagious yawning throughout childhood, when contagious
yawning was compared between 7 to 15 year old children, with and without autism, only typically developing children displayed the
behavior (Senju et al., 2007). When children with autism were instructed to focus their attention on the eyes, however, they were just as
likely to contagiously yawn as typically developing children (Senju et al., 2009), consistent with the proposal that atypical social orienting
may negatively impact empathy in autism (Chevallier et al., 2012).

4.3. Empathy in adolescence
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Females are more prosocial, sympathetic, and empathetic than males, from childhood through adolescence (for reviews, see Chaplin and
Aldao, 2013; Rose and Rudolph, 2006). The transition into adolescence appears to widen the differences in empathy between males and
females (e.g., Lam et al., 2012). In one study, high school students completed four empathy questionnaires, and while overall there were
improvements in empathy with age, females scored higher than males on all measures (Davis and Franzoi, 1991), a finding that is consistent
with previous studies of empathy in adolescents (e.g., Adams et al., 1979; Auyeung et al., 2012; Davis, 1980; Feshbach, 1982; Hawk et al.,
2013; Mehrabian and Epstein, 1972; Mestre et al., 2009). Adolescent females scored significantly higher in empathy and appeared to help
victims being bullied more in comparison to males (Jolliffe and Farrington, 2006). Female adolescents also outperform males on tests of
ToM (Ibanez et al., 2013). Interestingly, in adolescence, it appears that the sex of the individual in the stimulus modulates empathy in males
but not females (Bryant, 1982; Olweus and Endresen, 1998). Specifically, in students aged 13 to 16 years, females showed developmental
increases in empathy toward both males and females, while males showed, with age, increases in empathy to females, but decreases in
empathy to males (Olweus and Endresen, 1998). Similarly, another study found that in 7th graders, but not in 1st or 4th graders, males
exhibited greater empathy for females than for males, but females exhibited equal levels of empathy for both sexes (Bryant, 1982). These
differences in empathy as a function of target sex have been interpreted in terms of different evolutionary selective pressures on males and
females, especially with regard to issues associated with mating (Olweus and Endresen, 1998).

4.4. Summary and conclusions regarding sex differences in empathy across development

Together, this work suggests that there may be sex differences in emotional attunement and empathy beginning early in ontogenetic
development. From this body of developmental work, it is clear that there are sex differences in empathy from birth, and sex differences
appear to be consistent and stable across the lifespan (e.g., Michalska et al., 2013; O’Brien et al., 2013), with females demonstrating higher
levels of empathy than males, and children who are higher in empathy early in development continue to be higher in empathy later in
development (Eisenberg et al., 1999). This developmental stability suggests that sex differences are unlikely to be caused exclusively by
postnatal experiences (e.g., maternal care), but rather reflect some evolutionarily important difference between males and females that is
present, at least in some form, from birth, consistent with reports that empathy is moderately heritable (e.g., Baron-Cohen, 2002;
Chakrabarti and Baron-Cohen, 2013; Knafo et al., 2008; Rushton, 2004; Zahn-Waxler et al., 1992a,b; Zahn-Waxler et al., 2001). Darwin
was likewise interested in the extent to which sympathetic reactions were learned or present prior to experiences. He reported anecdotally
about his son:

I attended to this point in my first-born infant, who could not have learnt anything by associating with other children, and I was
convinced that he understood a smile and received pleasure from seeing one, answering it by another, at much too early an age to have
learnt anything by experience. When this child was about four months old, I made in his presence many odd noises and strange
grimaces, and tried to look savage; but the noises, if not too loud, as well as the grimaces, were all taken as good jokes; and I
attributed this at the time to their being preceded or accompanied by smiles. When five months old, he seemed to understand a
compassionate expression and tone of voice. When a few days over six months old, his nurse pretended to cry, and I saw that his face
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Sex differences appear to grow larger with age, especially around puberty, perhaps driven by greater age-related improvements in empathy
in females relative to males (e.g., Eisenberg et al., 1989; Michalska et al., 2013; Van Tilburg et al., 2002). However, the use of different
(age-appropriate) measures at different ages may account for some of these apparent age-related changes in the degree of sex differences. In
other words, measures used at later ages in development (e.g., adolescence) may be more sensitive for detecting sex differences than
measures used earlier in development (e.g., infancy).

A number of studies emphasize the role of social influences on empathy, proposing that parents can support empathy in their children, either
as role models or through fostering healthy, secure attachments (e.g., Barnett et al., 1980; Eisenberg and Valiente, 2002; Knafo and Plomin,
2006; Koestner et al., 1990; Mehrabian et al., 1988; Miklikowska et al., 2011; Strayer and Roberts, 2004). However, these differences could
also be due to genetic predispositions shared between parents and children, as some data suggest that empathy may be heritable, as already
mentioned. It is also possible, however, that social motivation – which appears to differ between the sexes – may be a driving force behind
developmental sex differences in social skills, such as empathy (e.g., Chevallier et al., 2012). Early differences in social attention between
male and female infants seem to occur prior to socialization, appearing even in newborns (Alexander and Wilcox, 2012) and thus probably
contributing to females’ greater sensitivity to others’ emotions, compared to males.

Finally, though it has been explored little, it appears that the type of stimulus (e.g., sex of stimulus) has an important impact on male but not
female empathy (Bryant, 1982; Olweus and Endresen, 1998). Although speculative, it is possible that this differential responding as a
function of target sex may account for some of the sex differences reported across development. Specifically, it may be the case that males
are not necessarily less empathetic than females, but that they direct varying levels of empathy at different types of social partners, with
female targets eliciting equal levels of empathy from male and female viewers and male targets eliciting greater empathy in female viewers
compared to male viewers. Of course, this would still render males, on average, less empathetic than females. In addition, males have more
deliberate control over their production of expressions, and this control increases with age (e.g., Eisenberg et al., 1989), so many of these
measures that rely on overt signals of empathy may find lower levels in males than females. Given that males have more control over their
emotional expressions, they may likewise have more control over their empathy (Brehm et al., 1984). Though this hypothesis has not been
directly tested in healthy populations – to our knowledge – it is consistent with data demonstrating associations between various disorders
and empathetic control. For example, studies report a positive association between control of empathy and depression (Thoma et al., 2011),
a disorder significantly more common in females than males (Weissman et al., 1996), while psychopathy and autism – disorders both
associated with less spontaneous empathy (Gillespie et al., 2014; Senju et al., 2009) – are more common in males than females (Baron-
Cohen et al., 2005; Cale and Lilienfeld, 2002). In fact, in both psychopathy and autism, though individuals may exhibit less automatic

instantly assumed a melancholy expression, with the corners of the mouth strongly depressed; now this child could rarely have seen
any other child crying, and never a grown-up person crying, and I should doubt whether at so early an age he could have reasoned on
the subject. Therefore it seems to me that an innate feeling must have told him that the pretended crying of his nurse expressed grief;
and this through the instinct of sympathy excited grief in him. (Darwin, 1872; pp. 359–360).



01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 22/53

Go to:

empathy, when explicitly instructed to be empathetic (i.e., under effortful control), they are capable of exhibiting significantly higher levels
of empathy (Gillespie et al., 2014; Meffert et al., 2013; Senju et al., 2009; related, spontaneous vs. deliberate mimicry in autism: McIntosh
et al., 2006; Oberman et al., 2009). Together, these studies suggest that sex differences in empathetic control may play a role in various
disorders associated with abnormally high or low levels of empathy, and that the distinction between empathy ability and propensity is
particularly relevant for examining individual differences (Keysers and Gazzola, 2014; Keysers et al., 2014).

Nonetheless, a developmental perspective can provide insights about the proximate and ultimate causes of individual differences in
empathy. Based on the evidence summarized here, it is difficult to deny that there are differences in empathy between males and females.
The evolutionary and proximate causes of these differences, however, remain largely unexamined, and are, we think, an important future
direction for this work.

5. Neuronal mechanisms for empathy

5.1. Mirror neurons

In emphasizing that empathy is a multilayered phenomenon, several scholars converge in considering an action–perception mechanism as
central for automatically reproducing others’ affective states (Preston and De Waal, 2002; Iacoboni, 2009). Much theoretical discussion has
been stimulated by the discovery of mirror neurons in the ventral premotor cortex and the inferior parietal lobule of the monkey (Di
Pellegrino et al., 1992; Gallese et al., 1996; Rizzolatti et al., 1996). These neurons have the peculiar feature of firing both when a specific
action is observed and when another individual performs the same action. In the original work, and in most studies that have followed,
monkeys were trained to perform or observe a goal-directed hand action. The most important property of mirror neurons is the congruence
they show in their responsivity between the effective observed and the effective executed action (Rizzolatti and Craighero, 2004). This
property, together with the fact that mirror neurons have been found in cortical areas involved in motor control (Keysers and Fadiga, 2008),
has led to the proposal that others’ actions can be translated into a motor code exploiting one’s own action knowledge, in terms of an
individual’s cortical motor representations (Iacoboni et al., 2005). This translation allows an observer to map others’ actions onto the
internal motor representation of that action, allowing the observer to understand the observed actions.

This mechanism became even more significant for empathy research when subsequent findings showed that mirror neurons consisted of not
only visuomotor neurons discharging for hand actions, but also that some made up a class of neurons specifically driven by actions
performed with the mouth (Ferrari et al., 2003). Crucial to the involvement of mirror neurons in empathy, a percentage of mirror neurons
were revealed to respond while the monkey observed affiliative communicative gestures (i.e., lips-macking) (Fig. 5).

Fig. 5
An example of mirror neuron (Unit 76) activating during the observation of an affiliative facial
gesture, typical of macaques, made by the experimenter (left) and during the observation of a

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/figure/F5/
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similar gesture performed by the monkey (right) (from Ferrari ...

These were the first single-unit data recorded from the classical mirror neuron system that strongly suggest that the postulated mechanism
by which a mapping of the observed action onto an internal motor representation could be reasonably extended into the emotional domain.

Another interesting aspect of mirror neurons in relation to empathy is that some mirror neurons show a multimodal nature. In fact, a study
found that some of them fire not only during the observation of action, but also while listening to the sound of that action, alone (Kohler et
al., 2002). The responses of these neurons were specific for the type of action seen and heard. For example, they responded to peanut
breaking when the action was only observed, only heard, or both heard and observed, and did not respond to the vision and sound of another
action, or to non-action sounds (e.g., environmental noise). Neurons responding selectively to specific action sounds were named “audio-
visual” mirror neurons (Kohler et al., 2002). This finding exemplifies the idea that the matching can be generated not only through a
mapping of a single sensory modality with the motor representation of the action, but that the matching can be multimodal. During empathic
experiences, in fact, subjects can activate shared motor representations by exploiting multiple sensory channels, including visual, tactile, and
auditory channels.

Despite these early studies, no other work explored the issue of mirror neurons and empathy through single cell recording. This leaves open
a number of interesting questions, such as the extent to which there are individual differences – including sex differences – in the activity of
mirror neurons, and whether such differences, if they exist, might be associated with empathetic skills. Animal models of autism, combined
with single cell recordings, might be insightful for disentangling differences in the brains’ response to social stimuli, as well as for assessing
potential therapies.

In humans, single cell recordings have demonstrated that a mirror mechanism is present and, despite limited evidence, findings are
supportive of the proposal of a basic action–perception mechanism involvement in empathy (Hutchison et al., 1999; Mukamel et al., 2010).
In one study on patients undergoing surgical procedures for psychiatric treatment, there were anecdotal observations of a few neurons in
anterior cingulate cortex responding not only while they received painful stimulation but also when the patient watched the surgeon apply a
painful stimulation to himself (Hutchison et al., 1999). A more extended study with depth electrode recordings in human mirror neurons
investigated 21 patients undergoing surgery for otherwise intractable epilepsy (Mukamel et al., 2010). The patients, in addition to executing
and observing grasping actions, also performed two facial expressions (smiling and frowning) and observed the same facial expressions.
Mirror neurons were observed in the SMA, hippocampus, parahippocampal gyrus, and enthorinal cortex. Among the 68 units with mirroring
properties, 14 had opposite firing rate changes. The majority of these cells had increased firing rate for action execution, and decreased
firing rate for action observation.

Together, these findings support the proposal that, during the observation of facial expressions, mirror neurons in several areas are recruited
and might support basic forms of facial mimicry or emotional contagion, so well described at the behavioral level. Clearly these types of
rare and invasive investigations are not suitable for exploring the possible gender differences related to these basic forms of brain mirroring.
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5.2.1. TMS: Cortico-spinal facilitation

Therefore, in the next sections we will review how the principles of brain mirroring are explored by means of other, more feasible,
neuroscience methods and whether the brain responses during perception and expression of facial expression differ in males and females.

5.2. Neural human gender differences: Foundational issues, tools, and methods

It is especially important to better understand gender differences in neural systems relevant to empathy. Indeed, there is general consensus
that empathy is a cornerstone of social cognition and that social cognition is a key component of mental health. Since the prevalence, age of
onset, and symptomatology of many psychiatric conditions differ between males and females (for instance autism, attention
deficit/hyperactivity disorder, antisocial personality disorder are more common in males whereas depression, anxiety disorder, and anorexia
nervosa are more common in females), a better understanding of empathy-related gender-differences in neural organization may provides
clues to unravel the neurobiological bases of these disorders.

As we have already seen, at cellular level we know of a mechanism – mirror neurons – that is a strong candidate for being associated with
empathy. Obviously, mirror neurons cannot be the only cellular elements that enable empathy. Yet, of all cellular mechanisms already
discovered by neurophysiological investigations, mirroring seems the easiest and most natural one to be associated with empathy, given its
functional properties. In humans, however, single cell recordings can only be performed under extremely unusual circumstances. These
circumstances, as stated before, typically preclude the study of gender differences, due to the small number of patients investigated. Hence,
the study of mirroring in humans is typically performed in an indirect, non-invasive way by using Transcranial Magnetic Stimulation
(TMS), electroencephalograhy (EEG), magnetoencephalography (MEG), and functional magnetic resonance imaging (fMRI). These
techniques can also be used to study the neural correlates of empathy and its gender differences, both in mirroring systems and in neural
systems that have little or nothing to do with mirror neurons (i.e., mentalizing systems), but which may also support empathetic abilities. We
discuss each of these techniques, first addressing the studies inspired by mirror neuron research, and then studies encompassing other
systems in the brain.

The first human TMS study that was associated with the firing of mirror neurons used TMS to
measure levels of cortico-spinal excitability of the motor system (Fadiga et al., 1995). The logic behind this kind of study is as follows. The
premotor cortex contains mirror neurons that fire during action observation. The firing in premotor cortex should make the primary motor
cortex more excitable. Hence TMS of the corticospinal motor system should reveal this increased excitability. Indeed, other studies reported
larger motor evoked potentials (MEPs, that is, muscle twitch evoked by the stimulation of the motor cortex) when participants’ motor cortex
is stimulated during action perception, compared to control conditions (Aziz-Zadeh et al., 2002, 2004) and that they correlate with self-
reported empathy, especially when the observed action has emotional significance (Avenanti et al., 2005). Thus, these data suggest that the
TMS-measured motor corticospinal facilitation during action observation seems a viable marker of empathic predisposition. Notably,
studies on gender differences in TMS-measured motor corticospinal facilitation are lacking. It is possible that such striking absence is
related to the sample size of the studies. Indeed, these TMS studies tend to enroll fairly small sample sizes, which make it difficult to
properly investigate gender differences.
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5.2.2. TMS ‘virtual lesion’ studies

In principle, however, TMS-measured corticospinal facilitation should reveal gender differences, if behavioral studies tend to show, on
average, higher self-reported empathy in females. One measure that has more commonly been employed to study sex differences in empathy
is facial electromyographic (EMG), which measures facial mimicry, and is positively associated with empathy (Dimberg et al., 2011;
Dimberg and Thunberg, 2012) and facial expression recognition (e.g., Sato et al., 2013). Indeed, a number of studies report greater facial
muscle reactivity in females, compared to males, when exposed to facial expressions (Dimberg and Lundquist, 1990; Lundqvist, 1995).
Facial EMG activity was measured from the corrugator and zygomatic muscles, typically activated during angry and happy facial
expressions, respectively. This muscle reactivity can be considered as a form of motor resonance, likely the expression of mirroring
mechanisms that also produce the TMS effects described above. In this particular study, female subjects demonstrated higher EMG activity,
compared to male subjects, thus supporting the idea that pre-reflective processes that may be foundational for empathy are more enhanced
in females. Similarly, individuals with higher levels of autistic traits show less automatic facial mimicry, as measured by EMG (e.g., Sims et
al., 2012).

Another way of using TMS to study neural systems in humans and their relations with behavior is the
so-called ‘virtual lesion’ methods. Repetitive stimulation of a brain area interferes with its activity. When such stimulation results in a
behavioral change, it is assumed that the functions of the stimulated area are somewhat associated with the behavior that was modified, (see
for instance Heiser et al., 2003). There is a vast literature on this type of study. The power of these studies is that they make explicit brain–
behavior relationships, revealing the causal role of a given brain region to a given behavior.

Indeed, a study combining the ‘virtual lesion’ method over the ventral premotor cortex, and the TMS motor cortico-spinal facilitation
approach, described in the section above, recently provided evidence in support of the main idea behind TMS studies, that the activation of
premotor mirror neurons makes the motor cortex more excitable. The interference of premotor activity with the TMS ‘virtual lesion’ method
should abolish the expected increased motor excitability during action observation. Confirming the validity of the basic assumption behind
TMS motor excitability studies of mirroring, repetitive TMS over the ventral premotor cortex abolished motor facilitation during action
observation (Avenanti et al., 2007).

TMS ‘virtual lesion’ studies, especially when combined with economic games testing explicit prosociality (see previous behavioral section)
are powerful experimental approaches to examine the role of neural systems in modulating empathy and prosocial behavior. In one such
study, participants stimulated over the right dorsolateral prefrontal cortex (DLPFC) demonstrated a higher willingness to accept unfair offers
from other players (Knoch et al., 2006). Typically, in these games, unfair offers (generally offers of less than 25% of the available money to
be shared) are rejected, even though rejecting them means renouncing the monetary gain (but at the same time precluding the unfair offerer
from making an unfair gain). This is considered evidence that humans tend to modulate self-interest with social norms and moral values
such as reciprocal fairness, being willing to punish unfair behavior even if it means hurting self-interest. In this study, stimulation of the left
DLPFC did not change the low acceptance rate of unfair offers, suggesting a striking laterality difference in the DLPFC with regard to
reciprocal fairness. The behavioral change brought about by TMS has been interpreted as ‘increased selfishness’, that is, higher willingness
to accept unfair offers in order to make a monetary gain. This interpretation rests on the fact that when asked whether offers sharing less
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5.2.3. Magnetoencephalography (MEG) and electroencephalography (EEG): Beta rebound and mu suppression

5.2.4. Event related potentials (ERP) studies of gender differences in empathy

than 25% of the available money were fair or unfair, participants still considered them unfair, even though they were more willing to accept
them. However, participants were asked about the perceived fairness of the offer only after the economic game was played, leaving open the
possibility that the effects of TMS over brain activity were reduced during this part of the experiment (TMS effects are obviously only
transient, not everlasting). An alternative interpretation regarding the higher willingness to accept typically considered unfair offers is that
transiently interfering with the right DLPFC may have increased mirroring and perspective taking and potentially compassion, thus making
it more likely to see things from the other player’s point of view. In this view, increased acceptance of low offers is not due to increased
selfishness but to increased empathy.

Regrettably, this experimental approach has not yet been used for larger scale studies that would allow tests of sex differences. A study of
this sort would require a much larger sample size than is typically used in this literature. Given that TMS reveals causal relationships
between brain activity and behavior, it is surprising that there are no TMS studies of empathy to date examining gender differences. Indeed,
this may prove a fruitful avenue for future research in this field.

Both MEG and EEG
demonstrate in central, sensory–motor regions oscillatory activity in the 10–20 Hz range at rest that desynchronizes during action
performance and observation. The oscillatory activity resumes when participants go back to a ‘resting state.’ This pattern of neural activity
is interpreted as representing another marker of mirroring at the level of neuronal ensembles, because desynchronization during both action
execution and action observation is typically framed in terms of ‘motor activation’ (Hari et al., 1998). In the mirroring literature, two
parameters have been used to quantify these changes in MEG and EEG signal in central sensory–motor regions: the beta rebound around 20
Hz (Hari et al., 1998) and the mu rhythm suppression around 9–13 Hz (Muthukumaraswamy and Johnson, 2004). The latter parameter has
been also correlated with empathic predisposition (Cheng et al., 2008a,b). Two groups have reported increased mu suppression in female
subjects, compared to males, thus supporting the hypothesis of higher mirroring and potentially empathy in females (Cheng et al., 2008a;
Yang et al., 2009).

Gender differences in empathy using event-related
potentials (ERP) have been demonstrated in a handful of studies. A study looking at an early, frontal waveform and a late, parietal
waveform associated with pain perception demonstrated two kinds of gender differences: the early waveform was correlated with self-
reports of perceived pain in females only, and the late component was more easily modulated by concurrent attentional task demands in
females too (Han et al., 2008).

Two ERP studies investigated both the emotional valence (e.g., suffering vs. happiness) and the presence or absence of humans in pictures
(Groen et al., 2013; Proverbio et al., 2009). Taken together, the results show increased amplitudes of ERP waveforms to humans suffering in
females. The only study (Groen et al., 2013) that measured also self-reported empathy, however, found similar levels of correlation between
neural activity and affective empathy in males and females.
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5.2.5. Activation studies using functional MRI (fMRI) and mirroring markers

5.2.6. Gender differences in fMRI studies of empathy not related to mirroring

5.2.7. Structural MRI

In a rather unusual take on the investigation of gender differences in empathy, a recent study looked at the role of social context in language
processing (van den Brink et al., 2012). Females demonstrated a larger N400 compared to males in such situations. Notably, the N400 also
correlated with self-reported empathy in this study, thus suggesting that different degrees of empathy also affect the processing of linguistic
information in social contexts.

A number of studies, however, report sex differences in ERPs during emotion processing, including emotion in the voice (e.g., Schirmer et
al., 2007) and in the face (e.g., Xu et al., 2013), suggesting that females may be more sensitive to emotional signals. For example, females
process emotion in the voice more automatically than males (Schirmer and Kotz, 2003).

The most common non-invasive technique to study
functional brain responses in human living subjects is fMRI, because it allows full brain coverage and good spatial and temporal resolution.
Indeed, a recent meta-analysis includes more than a hundred fMRI studies (Caspers et al., 2010) and supports the early conclusions that
there are human brain hubs showing strong patterns of activity suggesting mirroring, including the posterior inferior frontal and the anterior
inferior parietal cortex (Iacoboni et al., 1999; Iacoboni, 2005; Iacoboni and Dapretto, 2006).

An early fMRI study proposed that empathy is made possible through the interactions between mirror neuron areas and emotional brain
centers (Carr et al., 2003). More recent fMRI studies focusing on gender differences in empathy seem to confirm this general idea. Indeed, a
recent fMRI study on empathy has revealed gender differences in the inferior frontal cortex, suggesting that these gender differences may be
due to differences in the mirror neuron system (Schulte-Rüther et al., 2008). Subjects were asked to focus on either their own feelings when
seeing facial emotional expressions or the feelings of the other person. In both the ‘self’ and ‘other’ oriented attentional focus, females
activated more the inferior frontal cortex, compared to males.

In a study on the modulatory role of social reputation in
pain perception, subjects first played an economic game with cooperative and non-cooperative confederates and then watched the
confederates inflicted with pain (Singer et al., 2006). When watching someone in pain, a typical brain response is to activate a set of neural
systems associated with experiencing pain. This mirroring vicarious activation is generally interpreted as a form of empathy, a kind of “I
feel what you feel” automatic reaction. This mirroring response, however, is not entirely automatic; it can be modulated. Indeed, in this
study on social reputation in pain perception, while both males and females demonstrated similar activation of pain-associated neural
systems while watching cooperative players, males had reduced activation of pain-associated neural systems while watching non-
cooperative players inflicted with pain. This reduced empathic response was also associated in males with activation of reward-related
structures while watching non-cooperative players in pain. These rather striking gender differences suggest again that males are much more
sensitive than females to contextual modulation of empathic brain responses. This study also suggests that mirroring responses during
observation of others’ emotions do interact with those brain structures that are involved in cognitive empathy.

A handful of studies have reported empathy-related gender differences in brain structures (Cheng et al., 2009).
Females have larger grey matter volumes in both posterior inferior frontal and anterior inferior parietal cortex, two areas typically associated
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with mirroring in the fMRI literature. Furthermore, empathic predisposition in females correlated with grey matter volume in the inferior
frontal cortex, providing additional evidence in favor of gender differences in mirroring.

Studies on structural connectivity demonstrated correlations between white matter tracts and empathic predisposition in anatomical
connections between mirror neuron areas and emotional brain centers (Takeuchi et al., 2013), supporting the findings from fMRI on the role
of this large scale network including both mirror neuron areas and emotional brain centers in empathy.

5.3. Hormones, sexual preferences and gender roles

Prior to the introduction of neural measures of emotional responsiveness, it was unclear how much sex differences in empathy were simply
due to differing gender stereotypes and strategies. In a 1983 review by Eisenberg and Lennon, they examined males and females’ empathic
abilities and found mixed evidence for inherent sex differences. Indeed, sex differences were found to vary dramatically when taking into
account the manner of reporting empathy and the circumstances under which this was done. Sex differences in empathy favoring females
were most evident when individuals were asked to rate themselves on empathetic behaviors and affective responses, while weaker
differences were found when subjects were simply asked to rate their emotional responses in hypothetical scenarios. In contrast, sex
differences were inconsistent when empathy was assessed with physiological measures (primarily skin conductance and heart rate) and/or
facial/vocal/gestural measures (the latter of which only included studies of children). Indeed, there is evidence to suggest that males and
females may differ in how empathetic they would like to appear, given that emotional responsiveness and nurturing behavior are part of
stereotypical feminine roles. For example, sex differences in responsiveness to the young (a stereotypically feminine behavior) have been
found in several studies, but only in situations in which it is clear that subjects are being evaluated on that dimension, or that role
expectations or obligations are salient. Self-ratings of adults’ femininity have been positively related to males’ and females’ self-report of
empathy, whereas self-reported of masculinity has been negatively associated with empathy scores (Eisenberg and Lennon, 1983).

Indeed, while biological gender is clearly important, sexual preferences (e.g., Perry et al., 2013; Sergeant et al., 2006), within-gender
differences in prenatal hormone exposure (e.g., Chapman et al., 2006), hormone reactivity, and, in females, effects of ovulatory hormones
(Derntl et al., 2013) are highly important, suggesting that the complexity of defining gender is reflected in individual differences in empathy.
Individuals sexually attracted to males showed greater empathy (in behavioral measures) and greater activation during an emotional
judgment task in an area whose activation was correlated with self-reported empathizing, than subjects attracted to females (Perry et al.,
2013). According to the Empathizing-Systemizing Theory, individuals vary on two factors –empathizing (ability to understand others’
emotions and thoughts) and systemizing (ability to analyze or construct systems) – that can help us understand sex differences (Baron-
Cohen, 2002). A study of empathizing and systematizing tendencies found that males and non-heterosexual females showed higher
systematizing tendencies than heterosexual females, further suggesting that both biological gender and sexual preferences underlie
differences in empathy (Nettle, 2007).

Fetal testosterone has been suggested to be one of the major factors determining sex-differences of empathy (Chapman et al., 2006).
Testosterone decreases the ability to empathize (van Honk et al., 2011). Fetal testosterone levels in males and females were predictive of
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their tendency to use intentional or neutral statements when describing characters in cartoons, suggesting that testosterone exposure can
modulate the ratio between empathizing and systematizing traits (Knickmeyer et al., 2006). Variability among healthy children in their
prenatal hormone exposure is related to individual variability in postnatal behavior. As in studies of atypical exposure, higher levels of
androgen predict more male-typical, and less female-typical, behavior. A study of females’ moral judgments found that changes in
utilitarian judgments following exposure to testosterone were dependent on second-to-fourth digit ratio (a marker of prenatal androgen
exposure) (Montoya et al., 2013). Hormone-induced alterations in brain development are thought to underlie these behavioral outcomes,
although there is little information on specific neural differences associated with early hormone differences (Hines, 2008).

Another important field of research, which is becoming increasingly popular is the potential role of the neuromodulator oxytocin (OT), an
endogenous neuropeptide associated with bonding and nurturing behavior. Following intranasal administration of oxytocin (OT), the serum
level of OT is positively correlated with empathetic ability and generosity (Domes et al., 2007). A study of OT and vasopressin (AVP)
administration’s effect on prisoner’s dilemma behavior with human and computer partners, both OT and AVP caused females to treat
computer partners more like humans, and AVP increased their conciliatory behavior. In men, AVP selectively increased reciprocation of
cooperation from both human and computer partners. No common drug effects on behavior were found in both males and females, though
both OT and AVP increased activity in males in areas known to be rich in OT and AVP receptors, and in areas important for reward, arousal,
memory and social bonding. Importantly, both OT and AVP increased activity in males during cooperation, while in females, OT and AVP
either decreased activity or had no effect in these and other regions (Rilling et al., 2014). These results suggest that, as with androgens,
while somewhat similar behavioral effects are observed, the neural processes for reacting to these substances may differ between males and
females, resulting in distinct dose–response curves between genders. Indeed, another OT administration study found that OT exerted a
greater effect on perspective taking in men. This study also found that self-report measures might be less sensitive to OT effects than more
implicit measures of empathy. If these assumptions are confirmed, one could infer that OT effects on empathic responses are more
pronounced in males than females, and that any such effect is best studied using more implicit measures of empathy rather than explicit self-
report measures (Theodoridou et al., 2013).

The implication of these studies is that in assessing differences in such a complex construct as gender, researchers should take into account
gender roles, circumstances of data collection, sexual preference, prenatal androgen exposure and hormone reactivity.

6. Conclusions
The construct of empathy is relevant to several disciplines, from psychology and neuroscience, to behavioral economics and animal
behavior. For years, theories on altruism and kin selection have emphasized the selfish nature of humans and other animals. However, the
‘selfish gene’ paradigm faced serious challenges to the idea that individuals are complex organisms whose activities ultimately function to
increase reproductive success, and do so through careful calculations of costs and benefits. Work on primates and other animals has shown
that individuals prefer to act prosocially and in cooperation, they need to repair relationships after conflicts, support each other when in
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need, and ask for comfort because they know that companions are sensitive to their own pain and suffering. Interestingly, most of these
examples do not necessarily imply genetic relatedness or reciprocal benefits.

So what drives this empathetic nature? We propose that an examination of interindividual differences in empathetic skill –and sex/gender
differences, specifically – can be informative for understanding the nature of empathy, including its proximate and ultimate causes. To this
end, the present review had two primary goals: (1) determine whether sex/gender differences in empathy may be largely driven by cultural
rather than biological causes through studies of younger populations and nonhuman animals, and (2) extend our understanding of the
phenomenon of empathy itself—specifically, whether emotional and cognitive components are independent or related through neuroimaging
and behaviors studies of gender differences in adult humans.

Empathy, at its core, is an ancient biological phenomenon and, according to one hypothesis, the roots of empathy can be found in the
practice of caregiving, particularly in altricial species, whose offspring depend on the mother for a prolonged postnatal period (Preston and
De Waal, 2002). Parents tune their behavior with that of their immature offspring. Such sensitivity is not only confined within the mother–
infant relationship, but it includes other group members. In primates, living in large groups, such as in macaques or in chimpanzees, families
or other social units are formed through relationships that can last the entire lifespan. Such complex social networks are sustained and
maintained by the capacity of each individual to respond to the emotional signals of companions in various contexts, including situations of
danger or discomfort, as well as during play and excitement. In primates, these phenomena are strikingly more evident if one looks at the
complex and sophisticated anatomy of facial muscles, which primarily function to express emotions and to support emotional
communication. Psychologically and cognitively demanding processes have shaped the mind of our ancestors, resulting in human social
behaviors and empathic sensitivities to the internal state of others.

Indeed, in nonhuman animals, including primates and rodents, sex differences have been reported for a diverse number of behaviors
believed to be indicative of empathy, including emotional contagion, facial mimicry, contagious yawning, sensitivity to conspecific’s
pain/distress, consolation, and prosocial behavior. Together, reports of these behaviors in nonhuman animals make a convincing case that
females possess greater levels of empathy compared to males, in at least some species. If such sex differences were purely cultural in cause,
then this implies that either animals are likewise transmitting cultural expectations of gender (possible, but unlikely), or, more
parsimoniously, that such sex differences in humans are driven by some biological root, which humans share with other animals.

Furthermore, studies of human infants report evidence that females exhibit higher rates than males in various rudimentary forms of empathy,
such as contagious crying, neonatal imitation, social referencing (i.e., looking to social partners for information in ambiguous situations),
and general social interest and sensitivity. These studies allow us to rule out response biases (e.g., social desirability bias) as the sole cause
of sex differences in humans, as well as allowing us to examine individual differences prior to much socialization, therefore ruling out
cultural influences as the primary cause of sex differences, at least in young infants. With age, the pattern of sex differences remains stable,
or, if anything, it appears to grow larger with age, potentially due to increases in empathetic skill, the increased sensitivity of empathetic
measures that can be used in older children, or through actually larger gains by females than males in empathy. Nonetheless, by the time
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they are toddlers, females appear more prosocial, recognizing and willing to help/comfort individuals in distress, and sex/gender difference
in empathy continue to be consistent through adolescents and into adulthood. Indeed, twin studies reveal that empathy is largely heritable,
consistent with the notion that much variability in empathetic skills is due to genetic causes. In summary, studies in nonhuman animals and
younger human populations (infants/children) offer converging evidence that sex differences in empathy have phylogenetic and ontogenetic
roots in biology and are not merely cultural byproducts driven by socialization.

The second goal of our review, as described, was to extend our understanding of the phenomenon of empathy itself; namely, whether
emotional and cognitive components are independent or related, through surveying neuroimaging and behavioral studies of sex/gender
differences in adult humans. In terms of affective empathy, females, compared to men, show higher emotional responsivity and mirroring
responses to others’ pain, as well as better emotion recognition abilities. Relative to men, females also seem to engage more emotional areas
during social cognition. Females also tend to show more prosocial, altruistic behavior as well, which supports the notion that affective
empathy drives prosocial behavior. On the other hand, when it comes to cognitive empathy, males seem to show more utilitarian behavior as
well as greater recruitment of areas involved in cognitive control and cognition. Evidence regarding ToM is mixed, though it points to
differing strategies in how it is implemented between genders and to what ends, which may be underpinned by differences in affective forms
of empathy. In general, although there do appear to be sex differences in cognitive empathy, females do not appear to show the same
obvious advantage over males, as they do with affective empathy, which may indicate that these systems are somewhat independent.

These behavioral data are consistent with the neurobiological literature showing that different circuits mediate at least two forms of
empathy. Affective empathy, compared to cognitive empathy, is more automatic and activates shared motor representation and through
neural simulation individuals are capable to understand others’ emotions. Part of this affective empathy network involves the mirror neuron
system as well as structures belonging to the limbic system, such as the anterior insula and the anterior cingulate cortex. In contrast, a
different system supports cognitive aspects of empathy, including perspective taking and mentalizing. This cognitive empathy system
includes cingulate, prefrontal, and temporal areas, such as the ventromedial prefrontal cortex, temporoparietal junction, medial temporal
lobe, and Brodmann areas 10 and 12 (Zaki and Ochsner, 2012). We reviewed several findings that support this cognitive/affective
distinction. Moreover, developmental work and the ethological studies on emotional contagion suggest that the first forms of empathy that
emerge are characterized by sharing the same affective states, and by simultaneously activating the same motor programs that control
emotions and the visceral responses associated with them. Although the neuroscience literature has little information about brain
development, the evidence from psychological and behavioral studies supports the notion that, in females, the basic networks involved in
affective empathy are more developed. In contrast, there are few studies comparing males and females in the neural underpinnings of
cognitive empathy, so this is an area in which further research is needed. Based on behavioral work, we suspect that sex differences in
neural systems responsible for cognitive empathy may not be as great at those for affective empathy.

We also have shown that there are social, contextual, and cultural influences that may foster some of these observed behavioral and neural
differences in affective empathy between males and females. Especially in adulthood it seems that males vary more than females in some
aspects of emotional processing and altruistic behavior, suggesting that even though it appears that males express less empathy, their higher
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discrimination in targeting helping behavior supports the idea that males actually outperform females in their empathetic control. In fact,
even in childhood, males appear to have more control over their empathy than females, because, although they are capable of empathy, they
exhibit it less automatically. Indeed, examining the different contexts in which males and females differentially exhibit empathy can be quite
insightful. For example, males, but not females, are more empathetic towards female targets and targets who they perceive as deserving of
help. Females, in contrast, appear more indiscriminately empathetic. Although speculative, it is possible that these sex differences in
empathy may be the consequence of different evolutionary selective pressures on males and females, in addition to females’ role as primary
caretaker, with females exhibiting stronger links between emotional and cognitive empathy (Smith, 2006). For males, increased empathy
specifically directed at females may have improved their chances of reproduction, as both sexes prefer mates that are more kind (Li et al.,
2002), while decreased affective empathy directed at males may have been adaptive in competitive contexts (Galinsky et al., 2008), such as
competing for mates.

While parts of our original questions have begun to be answered, important parts still remain to be clarified. Why and how are males more
influenced by contextual factors, such as the qualities of the target (e.g., sex, perceived fairness) and are these effects also present in
nonhuman animals and younger individuals? Are sex differences reversed in species in which males are the primary caretakers (i.e., in this
case, are males more empathetic than females)? In addition to caring for offspring, are there other evolutionary selective pressures (e.g.,
sexual selection, competition for mates) have differently shaped empathy in males and females during phylogenesis? Why are disorders of
empathy, such as autism and psychopathy, more common in males than females? What are the contributions of early experiences and how
do they interact with genetic and epigenetic mechanisms to tune mirror system sensitivities? Are the consequences of empathetic behavior
different for males and females? Are the neural underpinnings for cognitive empathy different in males and females, and do females exhibit
stronger connections between emotional and cognitive empathy systems?

We propose that a consideration of interindividual differences, and specifically sex/gender differences, can inform our understanding of
empathy, including its evolution, the extent to which it is shared with other animals, its development, and its neural underpinnings. Despite
the challenges studies of sex/gender differences must overcome (e.g., necessity for large sample size), we think it is worthwhile to explore
such differences. Such an understanding may ultimately help to identify and treat disorders of empathy that present sexual dimorphisms,
including ASD.
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Footnotes
For consistency and simplicity, throughout this review we will refer to sex differences (i.e., biological differences between males and females); however, we

also report a number of studies of gender differences (i.e., social differences based on self-identification of participants as men or women). We recognize
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Go to:

that sex and gender each make unique contributions to empathetic skill; however, given that we are including studies of nonhuman animals and infants, it is
more parsimonious in these cases to primarily focus on biological individual differences (i.e., sex differences).

References

1. Adams GR, Schvaneveldt JD, Jenson GO. Sex, age and perceived competency as correlates of empathic ability in adolescence.
Adolescence. 1979;14(56):811–818.

2. Aguiar F, Branas-Garza P, Cobo-Reyes R, Jimenez N, Miller LM. Are women expected to be more generous? Exp Econ. 2009;12:93–
98.

3. Alaerts K, Nackaerts E, Meyns P, Swinnen SP, Wenderoth N. Action and emotion recognition from point light displays: an
investigation of gender differences. PLoS One. 2011;6(6):e20989. http://dx.doi.org/10.1371/journal.pone.0020989. [PMC free article]
[PubMed]

4. Alexander GM, Hines M. Sex differences in response to children’s toys in nonhuman primates (Cercopithecus aethiops sabaeus) Evol
Hum Behav. 2002;23(6):467–479. http://dx.doi.org/10.1016/S1090-5138(02)00107-1.

5. Alexander GM, Wilcox T. Sex differences in early infancy. Child Dev Perspect. 2012;6(4):400–406. http://dx.doi.org/10.1111/j.1750-
8606.2012.00247.x.

6. Anderson JR, Meno PM. Psychological influences on yawning in children. Curr Psychol Lett: Behav, Brain Cogn. 2003;11:2–7.
7. Anderson JR, Myowa-Yamakoshi M, Matsuzawa T. Contagious yawning in chimpanzees. Biol Lett. 2004;271:468–470.

[PMC free article] [PubMed]
8. Andreoni J, Vesterlund L. Which is the fair sex? Gender differences in altruism. Q J Econ. 2001;116:293–312.
9. Auyeung B, Allison C, Wheelwright S, Baron-Cohen S. Brief report: development of the adolescent empathy and systemizing

quotients. J Autism Dev Disord. 2012;42(10):2225–2235. http://dx.doi.org/10.1007/s10803-012-1454-7. [PubMed]
10. Avenanti A, Bueti D, Galati G, Aglioti SM. Transcranial magnetic stimulation highlights the sensorimotor side of empathy for pain.

Nat Neurosci. 2005;8:955–960. [PubMed]
11. Avenanti A, Bolognini N, Maravita A, Aglioti SM. Somatic and motor components of action simulation. Curr Biol. 2007;17:2129–

2135. [PubMed]
12. Aziz-Zadeh L, Maeda F, Zaidel E, Mazziotta J, Iacoboni M. Lateralization in motor facilitation during action observation: a TMS

study. Exp Brain Res. 2002;144:127–131. [PubMed]
13. Aziz-Zadeh L, Iacoboni M, Zaidel E, Wilson S, Mazziotta J. Left hemisphere motor facilitation in response to manual action sounds.

Eur J Neurosci. 2004;19:2609–2612. [PubMed]
14. Babchuk WA, Hames RB, Thompson RA. Sex differences in the recognition of infant facial expressions of emotion: the primary

caretaker hypothesis. Ethol Sociobiol. 1985;6(2):89–101. http://dx.doi.org/10.1016/0162-3095(85)90002-0.
15. Balliet D, Li NP, Macfarlan SJ, Van Vugt M. Sex differences in cooperation: a meta-analytic review of social dilemmas. Psychol Bull.

2011;137(6):881–909. http://dx.doi.org/10.1037/a0025354. [PubMed]

http://dx.doi.org/10.1371/journal.pone.0020989
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3111458/
https://www.ncbi.nlm.nih.gov/pubmed/21695266
http://dx.doi.org/10.1016/S1090-5138(02)00107-1
http://dx.doi.org/10.1111/j.1750-8606.2012.00247.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1810104/
https://www.ncbi.nlm.nih.gov/pubmed/15801606
http://dx.doi.org/10.1007/s10803-012-1454-7
https://www.ncbi.nlm.nih.gov/pubmed/22350450
https://www.ncbi.nlm.nih.gov/pubmed/15937484
https://www.ncbi.nlm.nih.gov/pubmed/18083517
https://www.ncbi.nlm.nih.gov/pubmed/11976767
https://www.ncbi.nlm.nih.gov/pubmed/15128415
http://dx.doi.org/10.1016/0162-3095(85)90002-0
http://dx.doi.org/10.1037/a0025354
https://www.ncbi.nlm.nih.gov/pubmed/21910518


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 34/53

16. Barnett MA, King LM, Howard JA, Dino GA. Empathy in young children: relation to parents’ empathy, affection, and emphasis on
the feelings of others. Dev Psychol. 1980;16(3):243–244. http://dx.doi.org/10.1037/0012-1649.16.3.243.

17. Baron-Cohen S. The extreme male brain theory of autism. Trends Cogn Sci. 2002;6(6):248–254. http://dx.doi.org/10.1016/S1364-
6613(02)01904-6. [PubMed]

18. Baron-Cohen S, O’Riordan M, Jones R, Stone V, Plaisted K. A new test of social sensitivity: detection of faux pas in normal children
and children with Asperger syndrome. J Autism Dev Disord. 1999;29:407–418. [PubMed]

19. Baron-Cohen S, Knickmeyer RC, Belmonte MK. Sex differences in the brain: implications for explaining autism. Science.
2005;310(5749):819–823. [PubMed]

20. Batson CD, Shaw LL. Evidence for altruism: toward a pluralism of prosocial motives. Psychol Inq. 1991;2:107–122.
21. Beadle JN, Paradiso S, Kovach C, Polgreen L, Denburg NL, Tranel D. Effects of age-related differences in empathy on social

economic decision-making. Int Psychogeriatr. 2012;4(5):822–833. http://dx.doi.org/10.1017/S1041610211002547. [PMC free article]
[PubMed]

22. Ben-Ami Bartal I, Decety J, Mason P. Empathy and pro-social behavior in rats. Science. 2011;334(6061):1427–1430.
http://dx.doi.org/10.1126/science.1210789. [PMC free article] [PubMed]

23. Ben-Ami Bartal I, Rodgers DA, Bernardez Sarria MS, Decety J, Mason P. Pro-social behavior in rats is modulated by social
experience. eLife. 2014;3 http://dx.doi.org/10.7554/eLife.01385. [PMC free article] [PubMed]

24. Ben-Ner A, Kong F, Putterman L. Share and share alike? Gender-pairing, personality, and cognitive ability as determinants of giving.
J Econ Psychol. 2004;25:581–589.

25. Bernhardt BC, Singer T. The neural basis of empathy. Annu Rev Neurosci. 2012;35:1–23. http://dx.doi.org/10.1146/annurev-neuro-
062111-150536. [PubMed]

26. Besel LDS, Yuille JC. Individual differences in empathy: the role of facial expression recognition. Pers Individ Differ. 2010;49:107–
112.

27. Blair RJ. A cognitive developmental approach to morality: investigating the psychopath. Cognition. 1995;57:1–29. [PubMed]
28. Blanck PD, Rosenthal R, Snodgrass SE, DePaulo BM, Zuckerman M. Sex differences in eavesdropping on nonverbal cues:

developmental changes. J Pers Soc Psychol. 1981;41(2):391–396. http://dx.doi.org/10.1037/0022-3514.41.2.391.
29. Bohl V, van den Bos W. Toward an integrative account of social cognition: marrying theory of mind and interactionism to study the

interplay of type 1 and type 2 processes. Front Hum Neurosci. 2012;6:274. http://dx.doi.org/10.3389/fnhum.2012.00274.
[PMC free article] [PubMed]

30. Bosacki S, Wilde Astington J. Theory of mind in preadolescence: relations between social understanding and social competence. Soc
Dev. 1999;8(2):237–255. http://dx.doi.org/10.1111/1467-9507.00093.

31. Bowlby J. Attachment and loss: 1. Attachment. Basic Books; New York, NY: 1969.
32. Brehm SS, Powell LK, Coke JS. The effects of empathic instructions upon donating behavior: sex differences in young children. Sex

Roles. 1984;10(5–6):405–416. http://dx.doi.org/10.1007/BF00287557.
33. Bryant BK. An index of empathy for children and adolescents. Child Dev. 1982;53(2):413–425. http://dx.doi.org/10.2307/1128984.

http://dx.doi.org/10.1037/0012-1649.16.3.243
http://dx.doi.org/10.1016/S1364-6613(02)01904-6
https://www.ncbi.nlm.nih.gov/pubmed/12039606
https://www.ncbi.nlm.nih.gov/pubmed/10587887
https://www.ncbi.nlm.nih.gov/pubmed/16272115
http://dx.doi.org/10.1017/S1041610211002547
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3547629/
https://www.ncbi.nlm.nih.gov/pubmed/22237008
http://dx.doi.org/10.1126/science.1210789
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3760221/
https://www.ncbi.nlm.nih.gov/pubmed/22158823
http://dx.doi.org/10.7554/eLife.01385
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3884117/
https://www.ncbi.nlm.nih.gov/pubmed/24424411
http://dx.doi.org/10.1146/annurev-neuro-062111-150536
https://www.ncbi.nlm.nih.gov/pubmed/22715878
https://www.ncbi.nlm.nih.gov/pubmed/7587017
http://dx.doi.org/10.1037/0022-3514.41.2.391
http://dx.doi.org/10.3389/fnhum.2012.00274
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3468956/
https://www.ncbi.nlm.nih.gov/pubmed/23087631
http://dx.doi.org/10.1111/1467-9507.00093
http://dx.doi.org/10.1007/BF00287557
http://dx.doi.org/10.2307/1128984


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 35/53

34. Buck R. Nonverbal communication of affect in children. J Pers Soc Psychol. 1975;31(4):644–653.
http://dx.doi.org/10.1037/h0077071. [PubMed]

35. Bull AJ, Burbage SE, Crandall JE, Fletcher CI, Lloyd JT, Ravneberg RL, Rockett SL. Effects of noise and intolerance of ambiguity
upon attraction for similar and dissimilar others. J Soc Psychol. 1972;88(1):151–152. [PubMed]

36. Cale EM, Lilienfeld SO. Sex differences in psychopathy and antisocial personality disorder: a review and integration. Clin Psychol
Rev. 2002;22(8):1179–1207. http://dx.doi.org/10.1016/S0272-7358(01)00125-8. [PubMed]

37. Campbell MW, Carter JD, Proctor D, Eisenberg ML, de Waal FB. Computer animations stimulate contagious yawning in
chimpanzees. Proc R Soc Lond, Ser B: Biol Sci. 2009;276(1676):4255–4259. http://dx.doi.org/10.1098/rspb.2009.1087.
[PMC free article] [PubMed]

38. Carr L, Iacoboni M, Dubeau MC, Mazziotta JC, Lenzi GL. Neural mechanisms of empathy in humans: a relay from neural systems
for imitation to limbic areas. Proc Natl Acad Sci. 2003;100(9):5497–5502. http://dx.doi.org/10.1073/pnas.0935845100.
[PMC free article] [PubMed]

39. Caspers S, Zilles K, Laird AR, Eickhoff SB. ALE meta-analysis of action observation and imitation in the human brain. NeuroImage.
2010;50:1148–1167. [PMC free article] [PubMed]

40. Catherine NL, Schonert-Reichl KA. Children’s perceptions and comforting strategies to infant crying: relations to age, sex, and
empathy-related responding. Br J Dev Psychol. 2011;29(Pt 3):524–551. http://dx.doi.org/10.1348/026151010X521475. [PubMed]

41. Chakrabarti B, Baron-Cohen S. Understanding the genetics of empathy and the autistic spectrum. In: Baron-Cohen S, Tager-Flusberg
H, Lombardo MV, editors. Understanding Other Minds: Perspectives from developmental social neuroscience. 2013. pp. 326–342.

42. Chaplin TM, Aldao A. Gender differences in emotion expression in children: a meta-analytic review. Psychol Bull. 2013;139(4):735–
765. http://dx.doi.org/10.1037/a0030737. [PMC free article] [PubMed]

43. Chapman E, Baron-Cohen S, Auyeung B, Knickmeyer R, Taylor K, Hackett G. Fetal testosterone and empathy: evidence from the
empathy quotient (EQ) and the “reading the mind in the eyes” test. Soc Neurosci. 2006;1:135–148. [PubMed]

44. Charlesworth WR, Dzur C. Gender comparisons of preschoolers’ behavior and resource utilization in group problem-solving. Child
Dev. 1987;58:191–200. [PubMed]

45. Charman T, Swettenham J, Baron-Cohen S, Cox A, Baird G, Drew A. Infants with autism: an investigation of empathy, pretend play,
joint attention, and imitation. Dev Psychol. 1997;33(5):781–789. http://dx.doi.org/10.1037/0012-1649.33.5.781. [PubMed]

46. Charman T, Ruffman T, Clements W. Is there a gender difference in false belief development? Soc Dev. 2002;11(1):1–10.
http://dx.doi.org/10.1111/1467-9507.00183.

47. Chartrand TL, Lakin JL. The antecedents and consequences of human behavioral mimicry. Annu Rev Psychol. 2013;64:285–308.
http://dx.doi.org/10.1146/annurev-psych-113011-143754. [PubMed]

48. Chawarska K, Macari S, Shic F. Decreased spontaneous attention to social scenes in 6-month-old infants later diagnosed with autism
spectrum disorders. Biol Psychiatry. 2013;74(3):195–203. http://dx.doi.org/10.1016/j.biopsych.2012.11.022. [PMC free article]
[PubMed]

http://dx.doi.org/10.1037/h0077071
https://www.ncbi.nlm.nih.gov/pubmed/1159612
https://www.ncbi.nlm.nih.gov/pubmed/4651308
http://dx.doi.org/10.1016/S0272-7358(01)00125-8
https://www.ncbi.nlm.nih.gov/pubmed/12436810
http://dx.doi.org/10.1098/rspb.2009.1087
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2821339/
https://www.ncbi.nlm.nih.gov/pubmed/19740888
http://dx.doi.org/10.1073/pnas.0935845100
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC154373/
https://www.ncbi.nlm.nih.gov/pubmed/12682281
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4981639/
https://www.ncbi.nlm.nih.gov/pubmed/20056149
http://dx.doi.org/10.1348/026151010X521475
https://www.ncbi.nlm.nih.gov/pubmed/21848745
http://dx.doi.org/10.1037/a0030737
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3597769/
https://www.ncbi.nlm.nih.gov/pubmed/23231534
https://www.ncbi.nlm.nih.gov/pubmed/18633782
https://www.ncbi.nlm.nih.gov/pubmed/3816344
http://dx.doi.org/10.1037/0012-1649.33.5.781
https://www.ncbi.nlm.nih.gov/pubmed/9300211
http://dx.doi.org/10.1111/1467-9507.00183
http://dx.doi.org/10.1146/annurev-psych-113011-143754
https://www.ncbi.nlm.nih.gov/pubmed/23020640
http://dx.doi.org/10.1016/j.biopsych.2012.11.022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3646074/
https://www.ncbi.nlm.nih.gov/pubmed/23313640


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 36/53

49. Cheng Y, Lee PL, Yang CY, Lin CP, Hung D, Decety J. Gender differences in the mu rhythm of the human mirror-neuron system.
PLoS One. 2008a;3:e2113. [PMC free article] [PubMed]

50. Cheng Y, Yang CY, Lin CP, Lee PL, Decety J. The perception of pain in others suppresses somatosensory oscillations: a
magnetoencephalography study. Neuroimage. 2008b;40:1833–1840. [PubMed]

51. Cheng Y, Chou KH, Decety J, Chen IY, Hung D, Tzeng OJL, Lin CP. Sex differences in the neuroanatomy of human mirror-neuron
system: a voxel-based morphometric investigation. Neuroscience. 2009;159:713–720.
http://dx.doi.org/10.1016/j.neuroscience.2008.10.026. [PubMed]

52. Chevallier C, Kohls G, Troiani V, Brodkin ES, Schultz RT. The social motivation theory of autism. Trends Cogn Sci. 2012;16(4):231–
239. http://dx.doi.org/10.1016/j.tics.2012.02.007. [PMC free article] [PubMed]

53. Chisholm JS. The evolutionary ecology of attachment organization. Hum Nat. 1996;7(1):1–37.
http://dx.doi.org/10.1007/BF02733488. [PubMed]

54. Cohn LD. Sex differences in the course of personality development: a meta-analysis. Psychol Bull. 1991 Mar;109(2):252–266.
[PubMed]

55. Connellan J, Baron-Cohen S, Wheelwright S, Batki A, Ahluwalia J. Sex differences in human neonatal social perception. Infant
Behav Dev. 2000;23(1):113–118. http://dx.doi.org/10.1016/S0163-6383(00)00032-

56. Cools AKA, van Hout AJM, Nelissen MHJ. Canine reconciliation and third-party-initiated postconflict affiliation: do peacemaking
social mechanisms in dogs rival those of higher primates? Ethology. 2008;114:53–63.

57. Cordoni G. Social play in captive wolves (Canis lupus): not only an immature affair. Behaviour. 2009;146(10):1363–1385.
http://dx.doi.org/10.1163/156853909X427722.

58. Cordoni G, Palagi E, Tarli SB. Reconciliation and consolation in captive Western gorillas. Int J Primatol. 2006;27:1365–1382.
59. Cowan DG, Vanman EJ, Nielsen M. Motivated empathy: the mechanics of the empathic gaze. Cogn Emotion. 2014

http://dx.doi.org/10.1080/02699931.2014.890563 (Advance Online Publication) [PubMed]
60. Cox JC, Deck CA. When are women more generous than men? Econ Inq. 2006;44:587–598.
61. Croson R, Buchan N. Gender and culture: international experimental evidence from trust games. Am Econ Rev. 1999;89:386–391.
62. Croson R, Gneezy U. Gender differences in preferences. J Econ Lit. 2009;47:1–27.
63. Croson RTA, Handy F, Shang J. Gendered giving: the influence of social norms on the donation behavior of men and women. Int J

Nonprofit Volunt Sect Mark. 2010;15:199–213.
64. Darwin C. The Expression of the Emotions in Man and Animals. John Murray; London: 1872.
65. Davila-Ross M, Menzler S, Zimmermann E. Rapid facial mimicry in orangutan play. Biol Lett. 2008;4(1):27–30.

http://dx.doi.org/10.1098/rsbl.2007.0535. [PMC free article] [PubMed]
66. Davis MH. A multidimensional approach to individual differences in empathy. JSAS Catal Select Doc Psychol. 1980;10:85.
67. Davis MH. Measuring individual differences in empathy: evidence for a multidimensional approach. J Pers Soc Psychol.

1983;44:113–126.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2361218/
https://www.ncbi.nlm.nih.gov/pubmed/18461176
https://www.ncbi.nlm.nih.gov/pubmed/18353686
http://dx.doi.org/10.1016/j.neuroscience.2008.10.026
https://www.ncbi.nlm.nih.gov/pubmed/19010397
http://dx.doi.org/10.1016/j.tics.2012.02.007
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3329932/
https://www.ncbi.nlm.nih.gov/pubmed/22425667
http://dx.doi.org/10.1007/BF02733488
https://www.ncbi.nlm.nih.gov/pubmed/24203250
https://www.ncbi.nlm.nih.gov/pubmed/1827923
http://dx.doi.org/10.1016/S0163-6383(00)00032-
http://dx.doi.org/10.1163/156853909X427722
http://dx.doi.org/10.1080/02699931.2014.890563
https://www.ncbi.nlm.nih.gov/pubmed/24568562
http://dx.doi.org/10.1098/rsbl.2007.0535
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2412946/
https://www.ncbi.nlm.nih.gov/pubmed/18077238


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 37/53

68. Davis MH, Franzoi SL. Stability and change in adolescent self-consciousness and empathy. J Res Pers. 1991;25(1):70–87.
http://dx.doi.org/10.1016/0092-6566(91)90006-C.

69. Davis MH, Luce C, Kraus SJ. The heritability of characteristics associated with dispositional empathy. J Pers. 1994;62(3):369–391.
[PubMed]

70. De Vignemont F, Singer T. The empathic brain: how, when and why? Trends Cogn Sci. 2006;10(10):435–441.
http://dx.doi.org/10.1016/j.tics.2006.08.008. [PubMed]

71. de Waal FBM. Peacemaking among Primates. Harvard University Press; 1989.
72. de Waal FBM. Putting the altruism back into altruism: the evolution of empathy. Annu Rev Psychol. 2008;59:279–300.

http://dx.doi.org/10.1146/annurev.psych.59.103006.093625. [PubMed]
73. de Waal FB, Suchak M. Prosocial primates: selfish and unselfish motivations. Philos Trans R Soc B: Biol Sci. 2010;365(1553):2711–

2722. http://dx.doi.org/10.1098/rstb.2010.0119. [PMC free article] [PubMed]
74. de Waal FBM, van Roosmalen A. Reconciliation and consolation among chimpanzees. Behav Ecol Sociobiol. 1979;5:55–66.
75. Decety J, Jackson PL. A social–neuroscience perspective on empathy. Curr Dir Psychol Sci. 2006;15(2):54–58.

http://dx.doi.org/10.1111/j.0963-7214.2006.00406.x.
76. Decety J, Moriguchi Y. The empathic brain and its dysfunction in psychiatric populations: implications for intervention across

different clinical conditions. Biopsychosoc Med. 2007;1:22. [PMC free article] [PubMed]
77. Demuru E, Palagi E. In bonobos yawn contagion is higher among kin and friends. PLoS One. 2012;7(11):e49613.

http://dx.doi.org/10.1371/journal.pone.0049613. [PMC free article] [PubMed]
78. Derntl B, Hack RL, Kryspin-Exner I, Habel U. Association of menstrual cycle phase with the core components of empathy. Horm

Behav. 2013;63(1):97–104. http://dx.doi.org/10.1016/j.yhbeh.2012.10.009. [PMC free article] [PubMed]
79. Deschamps PKH, Coppes L, Kenemans JL, Schutter DJLG, Matthys W. Electromyographic responses to emotional facial expressions

in 6–7 year olds with autism spectrum disorders. J Autism Dev Disord. 2013 http://dx.doi.org/10.1007/s10803-013-1890-z (Advance
Online Publication) [PubMed]

80. Di Pellegrino G, Fadiga L, Fogassi L, Gallese V, Rizzolatti G. Understanding motor events: a neurophysiological study. Exp Brain
Res. 1992;91(1):176–180. [PubMed]

81. Dimberg U, Lundquist LO. Gender differences in facial reactions to facial expressions. Biol Psychol. 1990;30:151–159. [PubMed]
82. Dimberg U, Thunberg M. Empathy, emotional contagion, and rapid facial reactions to angry and happy facial expressions. PsyCh J.

2012;1(2):118–127. http://dx.doi.org/10.1002/pchj.4. [PubMed]
83. Dimberg U, Andréasson P, Thunberg M. Emotional empathy and facial reactions to facial expressions. J Psychophysiol.

2011;25(1):26. http://dx.doi.org/10.1027/0269-8803/a000029.
84. Dodge K. Social cognition and children’s aggressive behaviour. Child Dev. 1980;51:162–170. [PubMed]
85. Doherty RW, Orimoto L, Singelis TM, Hatfield E, Hebb J. Emotional contagion: gender and occupational differences. Psychol

Women Q. 1995;19:355–371.

http://dx.doi.org/10.1016/0092-6566(91)90006-C
https://www.ncbi.nlm.nih.gov/pubmed/7965564
http://dx.doi.org/10.1016/j.tics.2006.08.008
https://www.ncbi.nlm.nih.gov/pubmed/16949331
http://dx.doi.org/10.1146/annurev.psych.59.103006.093625
https://www.ncbi.nlm.nih.gov/pubmed/17550343
http://dx.doi.org/10.1098/rstb.2010.0119
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2936169/
https://www.ncbi.nlm.nih.gov/pubmed/20679114
http://dx.doi.org/10.1111/j.0963-7214.2006.00406.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2206036/
https://www.ncbi.nlm.nih.gov/pubmed/18021398
http://dx.doi.org/10.1371/journal.pone.0049613
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3498209/
https://www.ncbi.nlm.nih.gov/pubmed/23166729
http://dx.doi.org/10.1016/j.yhbeh.2012.10.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3549494/
https://www.ncbi.nlm.nih.gov/pubmed/23098806
http://dx.doi.org/10.1007/s10803-013-1890-z
https://www.ncbi.nlm.nih.gov/pubmed/23888357
https://www.ncbi.nlm.nih.gov/pubmed/1301372
https://www.ncbi.nlm.nih.gov/pubmed/2285765
http://dx.doi.org/10.1002/pchj.4
https://www.ncbi.nlm.nih.gov/pubmed/26272762
http://dx.doi.org/10.1027/0269-8803/a000029
https://www.ncbi.nlm.nih.gov/pubmed/7363732


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 38/53

86. Domes G, Heinrichs M, Michel A, Berger C, Herpertz SC. Oxytocin improves mind-reading in humans. Biol Psychiatry.
2007;61:731–733. [PubMed]

87. Dondi M, Simion F, Caltran G. Can newborns discriminate between their own cry and the cry of another newborn infant? Dev
Psychol. 1999;35:418–426. [PubMed]

88. Donges US, Kersting A, Suslow T. Women’s greater ability to perceive happy facial emotion automatically: gender differences in
affective priming. PLoS One. 2012;7(7):e41745. [PMC free article] [PubMed]

89. Drayton LA, Santos LR. Capuchins’ (Cebus apella) sensitivity to others’ goal-directed actions in a helping context. Anim Cogn.
2013;17(3):1–12. [PubMed]

90. Eckel CC, Grossman PJ. Are women less selfish than men?: evidence from dictator experiments. Econ J. 1998;108:726–735.
91. Eckel CC, Grossman PJ. Chivalry and solidarity in Ultimatum Games. Econ Inq. 2001;39:171–188.
92. Eckel CC, Grossman PJ. Differences in the economics decisions of men and women: experimental evidence. In: Plott CR, Smith VL,

editors. Handbook of Experimental Economic Results. Vol. 1. North-Holland; Linacre House, UK: 2008. pp. 1061–1076.
93. Edgar JL, Lowe JC, Paul ES, Nicol CJ. Avian maternal response to chick distress. Proc R Soc B: Biol Sci. 2011;278(1721):3129–

3134. http://dx.doi.org/10.1098/rspb.2010.2701. [PMC free article] [PubMed]
94. Edgar JL, Nicol CJ, Clark CCA, Paul ES. Measuring empathic responses in animals. Appl Anim Behav Sci. 2012;138(3):182–193.

http://dx.doi.org/10.1016/j.applanim.2012.02.006.
95. Einolf CJ. Gender differences in the correlates of volunteering and charitable giving. Nonprofit Volunt Sect Q. 2011;40(6):1092–1112.

http://dx.doi.org/10.1177/0899764010385949.
96. Eisenberg N, Lennon R. Sex differences in empathy and related capacities. Psychol Bull. 1983;94(1):100.
97. Eisenberg N, Valiente C. Parenting and children’s prosocial and moral development. In: Bornstein MH, editor. Handbook of

Parenting. Volume 5: Practical Issues in Parenting. 2. Lawrence Erlbaum Associates; Mahwah, NJ: 2002. pp. 111–142.
98. Eisenberg N, Fabes RA, Bustamante D, Mathy RM, Miller PA, Lindholm E. Differentiation of vicariously induced emotional

reactions in children. Dev Psychol. 1988;24(2):237. http://dx.doi.org/10.1037/0012-1649.24.2.237.
99. Eisenberg N, Fabes RA, Schaller M, Miller PA. Sympathy and personal distress: development, gender differences, and interrelations

of indexes. N Direct Child Adolesc Dev. 1989;1989(44):107–126. http://dx.doi.org/10.1002/cd.23219894408. [PubMed]
100. Eisenberg N, Shea CL, Carlo G, Knight GP. Handbook of Moral Behavior and Development. 2–3. Lawrence Erlbaum Associates;

Hillsdale, NJ, England: 1991. Empathy-related responding and cognition: a chicken and the egg dilemma; pp. 63–88.
101. Eisenberg N, Guthrie IK, Murphy BC, Shepard SA, Cumberland A, Carlo G. Consistency and development of prosocial dispositions:

a longitudinal study. Child Dev. 1999;70:1360–1372. [PubMed]
102. Eisenberg N, Hofer C, Sulik MJ, Liew J. The development of prosocial moral reasoning and a prosocial orientation in young

adulthood: concurrent and longitudinal correlates. Dev Psychol. 2014;50(1):58–70. http://dx.doi.org/10.1037/a0032990. [PubMed]
103. Eppley TM, Suchak M, Crick J, de Waal FB. Perseverance and food sharing among closely affiliated female chimpanzees. Primates.

2013;54(4):319–324. http://dx.doi.org/10.1007/s10329-013-0374-2. [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/17137561
https://www.ncbi.nlm.nih.gov/pubmed/10082012
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3402412/
https://www.ncbi.nlm.nih.gov/pubmed/22844519
https://www.ncbi.nlm.nih.gov/pubmed/24146217
http://dx.doi.org/10.1098/rspb.2010.2701
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3158930/
https://www.ncbi.nlm.nih.gov/pubmed/21389025
http://dx.doi.org/10.1016/j.applanim.2012.02.006
http://dx.doi.org/10.1177/0899764010385949
http://dx.doi.org/10.1037/0012-1649.24.2.237
http://dx.doi.org/10.1002/cd.23219894408
https://www.ncbi.nlm.nih.gov/pubmed/2671804
https://www.ncbi.nlm.nih.gov/pubmed/10621961
http://dx.doi.org/10.1037/a0032990
https://www.ncbi.nlm.nih.gov/pubmed/23731289
http://dx.doi.org/10.1007/s10329-013-0374-2
https://www.ncbi.nlm.nih.gov/pubmed/23892443


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 39/53

104. Erdle S, Sansom M, Cole MR, Neapy N. Sex differences in personality correlates of helping behavior. Pers Individ Diff.
1992;13:931–936.

105. Fadiga L, Fogassi L, Pavesi G, Rizzolatti G. Motor facilitation during action observation: a magnetic stimulation study. J
Neurophysiol. 1995;73:2608–2611. [PubMed]

106. Feingold A. Gender differences in personality: a meta-analysis. Psychol Bull. 1994;116(3):429–456. [PubMed]
107. Feldman R. Parent–infant synchrony biological foundations and developmental outcomes. Curr Direct Psychol Sci. 2007;16(6):340–

345. http://dx.doi.org/10.1111/j.1467-8721.2007.00532.x.
108. Feldman R, Magori-Cohen R, Galili G, Singer M, Louzoun Y. Mother and infant coordinate heart rhythms through episodes of

interaction synchrony. Inf Behav Dev. 2011;34(4):569–577. http://dx.doi.org/10.1016/j.infbeh.2011.06.008. [PubMed]
109. Fernandez-Duque E, Valeggia CR, Mendoza SP. The biology of paternal care in human and nonhuman primates. Annu Rev Anthrop.

2009;38:115–130. http://dx.doi.org/10.1146/annurev-anthro-091908-164334.
110. Ferrari PF. The neuroscience of social relations: a comparative-based approach to empathy and to the capacity of evaluating others’

action value. Behaviour. 2014;151:297–313. [PMC free article] [PubMed]
111. Ferrari PF, Gallese V, Rizzolatti G, Fogassi L. Mirror neurons responding to the observation of ingestive and communicative mouth

actions in the ventral premotor cortex. Eur J Neurosci. 2003;17(8):1703–1714. [PubMed]
112. Ferrari PF, Paukner A, Ionica C, Suomi SJ. Reciprocal face-to-face communication between Rhesus macaque mothers and their

newborn infants. Curr Biol. 2009;19(20):1768–1772. http://dx.doi.org/10.1016/j.cub.2009.08.055. [PMC free article] [PubMed]
113. Feshbach ND. Sex differences in empathy and social behavior in children. In: Eisenberg N, editor. The Development of Prosocial

Behavior. Academic Press; New York, NY: 1982. pp. 315–330.
114. Feshbach ND, Feshbach S. The relationship between empathy and aggression in two age groups. Dev Psychol. 1969;1(2):102–107.

http://dx.doi.org/10.1037/h0027016.
115. Feshbach ND, Roe K. Empathy in six- and seven-year-olds. Child Dev. 1968;39(1):133–145. http://dx.doi.org/10.2307/1127365.

[PubMed]
116. Field TM, Woodson R, Greenberg R, Cohen D. Discrimination and imitation of facial expression by neonates. Science.

1982;218:179–181. (Sagi & Hoffman, 1976) [PubMed]
117. Fraser ON, Bugnyar T. Do ravens show consolation? Responses to distressed others. PLoS One. 2010;5:e10605. [PMC free article]

[PubMed]
118. Galinsky AD, Maddux WW, Gilin D, White JB. Why it pays to get inside the head of your opponent the differential effects of

perspective taking and empathy in negotiations. Psychol Sci. 2008;19(4):378–384. http://dx.doi.org/10.1111/j.1467-
9280.2008.02096.x. [PubMed]

119. Gallese V. The roots of empathy: the shared manifold hypothesis and the neural basis of intersubjectivity. Psychopathology.
2003;36(4):171–180. [PubMed]

120. Gallese V, Fadiga L, Fogassi L, Rizzolatti G. Action recognition in the pre-motor cortex. Brain: J Neurol. 1996;119:593–609.
[PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/7666169
https://www.ncbi.nlm.nih.gov/pubmed/7809307
http://dx.doi.org/10.1111/j.1467-8721.2007.00532.x
http://dx.doi.org/10.1016/j.infbeh.2011.06.008
https://www.ncbi.nlm.nih.gov/pubmed/21767879
http://dx.doi.org/10.1146/annurev-anthro-091908-164334
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4172363/
https://www.ncbi.nlm.nih.gov/pubmed/25258451
https://www.ncbi.nlm.nih.gov/pubmed/12752388
http://dx.doi.org/10.1016/j.cub.2009.08.055
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2784245/
https://www.ncbi.nlm.nih.gov/pubmed/19818617
http://dx.doi.org/10.1037/h0027016
http://dx.doi.org/10.2307/1127365
https://www.ncbi.nlm.nih.gov/pubmed/5645790
https://www.ncbi.nlm.nih.gov/pubmed/7123230
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2868892/
https://www.ncbi.nlm.nih.gov/pubmed/20485685
http://dx.doi.org/10.1111/j.1467-9280.2008.02096.x
https://www.ncbi.nlm.nih.gov/pubmed/18399891
https://www.ncbi.nlm.nih.gov/pubmed/14504450
https://www.ncbi.nlm.nih.gov/pubmed/8800951


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 40/53

121. Gardner MR, Sorhus I, Edmonds CJ, Potts R. Sex differences in components of imagined perspective transformation. Acta Psychol.
2012;140(1):1–6. http://dx.doi.org/10.1016/j.actpsy.2012.02.002. [PubMed]

122. Geary DC. Male, Female: The Evolution of Human Sex Differences. American Psychological Association; Washington: 1998. p. 555.
http://dx.doi.org/10.1037/10370-000.

123. George D, Carroll P, Kersnick R, Calderon K. Gender-related patterns of helping among friends. Psychol Women Q. 1998;22:685–
704.

124. Gillespie SM, McCleery JP, Oberman LM. Spontaneous versus deliberate vicarious representations: different routes to empathy in
psychopathy and autism. Brain. 2014 http://dx.doi.org/10.1093/brain/awt364 (Advance Online Publication) [PubMed]

125. Gleichgerrcht E, Decety J. Empathy in clinical practice: how individual dispositions, gender, and experience moderate empathic
concern, burnout, and emotional distress in physicians. PLoS One. 2013;8(4):e61526.
http://dx.doi.org/10.1371/journal.pone.0061526. [PMC free article] [PubMed]

126. Goldberg S. Attachment and Development. Hodder Arnold; London, UK: 2000.
127. Goldberg S, Lewis M. Play behavior in the year-old infant: early sex differences. Child Dev. 1969;40:21–31. [PubMed]
128. Gonzalez-Liencres C, Shamay-Tsoory SG, Brüne M. Towards a neuroscience of empathy: ontogeny, phylogeny, brain mechanisms,

context and psychopathology. Neurosci Biobehav Rev. 2013;37(8):1537–1548. http://dx.doi.org/10.1016/j.neubiorev.2013.05.001.
[PubMed]

129. Greene WE, Melillo-Sweeting K, Dudzinski KM. Comparing object play in captive and wild dolphins. Int J Comp Psychol.
2011;24(3):292–306.

130. Groen Y, Wijers AA, Tucha O, Althaus M. Are there sex differences in ERPs related to processing empathy-evoking pictures?
Neuropsychologia. 2013;51(1):142–155. http://dx.doi.org/10.1016/j.neuropsychologia.2012.11.012. [PubMed]

131. Gu X, Han S. Attention and reality constraints on the neural processes of empathy for pain. NeuroImage. 2007;36:256–267.
http://dx.doi.org/10.1016/j.neuroimage.2007.02.025. [PubMed]

132. Gunnar MR, Donahue M. Sex differences in social responsiveness between six months and twelve months. Child Dev. 1980;51:262–
265. [PubMed]

133. Guo X, Zheng L, Zhang W, Zhu L, Li J, Wang Q, Dienes Z, Yang Z. Empathic neural responses to others’ pain depend on monetary
reward. Soc Cogn Affect Neurosci. 2012;7:535–541. http://dx.doi.org/10.1093/scan/nsr034. [PMC free article] [PubMed]

134. Guth W, Schmidt C, Sutter M. Bargaining outside the lab—a newspaper experiment of a three-person Ultimatum Game. Econ J.
2007;117:449–469.

135. Hall JA. Gender effects in decoding nonverbal cues. Psychol Bull. 1978;85(4):845–858. http://dx.doi.org/10.1037/0033-
2909.85.4.845.

136. Hall JA. Nonverbal Sex Differences: Communication Accuracy and Expressive Style. The John Hopkins University Press; Baltimore,
MD: 1984.

137. Hall JA. Nonverbal Sex Differences: Accuracy of Communication and Expressive Style. Johns Hopkins University Press; Baltimore,
MD: 1990.

http://dx.doi.org/10.1016/j.actpsy.2012.02.002
https://www.ncbi.nlm.nih.gov/pubmed/22426425
http://dx.doi.org/10.1037/10370-000
http://dx.doi.org/10.1093/brain/awt364
https://www.ncbi.nlm.nih.gov/pubmed/24477432
http://dx.doi.org/10.1371/journal.pone.0061526
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3631218/
https://www.ncbi.nlm.nih.gov/pubmed/23620760
https://www.ncbi.nlm.nih.gov/pubmed/5787704
http://dx.doi.org/10.1016/j.neubiorev.2013.05.001
https://www.ncbi.nlm.nih.gov/pubmed/23680700
http://dx.doi.org/10.1016/j.neuropsychologia.2012.11.012
https://www.ncbi.nlm.nih.gov/pubmed/23174404
http://dx.doi.org/10.1016/j.neuroimage.2007.02.025
https://www.ncbi.nlm.nih.gov/pubmed/17400480
https://www.ncbi.nlm.nih.gov/pubmed/7363740
http://dx.doi.org/10.1093/scan/nsr034
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3375886/
https://www.ncbi.nlm.nih.gov/pubmed/21737435
http://dx.doi.org/10.1037/0033-2909.85.4.845


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 41/53

138. Hall JK, Hutton SB, Morgan MJ. Sex differences in scanning faces: does attention to the eyes explain female superiority in facial
expression recognition? Cogn Emotion. 2010;24(4):629–637. http://dx.doi.org/10.1080/02699930902906882.

139. Hamilton ML. Imitative behavior and expressive ability in facial expression of emotion. Dev Psychol. 1973;8(1):138.
http://dx.doi.org/10.1037/h0033830.

140. Hampson E, van Anders SM, Mullin LI. A female advantage in the recognition of emotional facial expressions: test of an
evolutionary hypothesis. Evol Hum Behav. 2006;27(6):401–416. http://dx.doi.org/10.1016/j.evolhumbehav.2006.05.002.

141. Han S, Fan Y, Mao L. Gender difference in empathy for pain: an electrophysiological investigation. Brain Res. 2008;1196:85–93.
[PubMed]

142. Hardy SB. Care and exploitation of nonhuman primate infants by conspecifics other than the mother. Adv Study Behav. 1976;6:101–
158.

143. Hari R, Forss N, Avikainen S, Kirveskari E, Salenius S, Rizzolatti G. Activation of human primary motor cortex during action
observation: a neuromagnetic study. Proc Natl Acad Sci USA. 1998;95:15061–15065. [PMC free article] [PubMed]

144. Hassett JM, Siebert ER, Wallen K. Sex differences in rhesus monkey toy preferences parallel those of children. Horm Behav.
2008;54(3):359–364. http://dx.doi.org/10.1016/j.yhbeh.2008.03.008. [PMC free article] [PubMed]

145. Hatcher R, Hatcher S, Berlin M, Okla K, Richards J. Psychological minded-ness and abstract reasoning in late childhood and
adolescence: an exploration using new instruments. J Youth Adolesc. 1990;19(4):307–326. [PubMed]

146. Hatfield E, Cacioppo JT, Rapson RL. Emotions and Social Behavior. Vol. 14. Sage; Newbury Park, CA: 1992. Primitive emotional
contagion. Review of personality and social psychology; pp. 151–177.

147. Hatfield E, Cacioppo JL, Rapson RL. Emotional contagion. Curr Dir Psychol Sci. 1993;2:96–99.
148. Hawk ST, Keijsers L, Branje SJ, Graaff JVD, Wied MD, Meeus W. Examining the interpersonal reactivity index (IRI) among early

and late adolescents and their mothers. J Pers Assess. 2013;95(1):96–106. http://dx.doi.org/10.1080/00223891.2012.696080.
[PubMed]

149. Hein G, Silani G, Preuschoff K, Batson CD, Singer T. Neural responses to ingroup and outgroup members’ suffering predict
individual differences in costly helping. Neuron. 2010;68(1):149–160. [PubMed]

150. Heiser M, Iacoboni M, Maeda F, Marcus J, Mazziotta JC. The essential role of Broca’s area in imitation. Eur J Neurosci.
2003;17:1123–1128. [PubMed]

151. Hines M. Early androgen influences on human neural and behavioural development. Early Hum Dev. 2008;84:805–807.
[PMC free article] [PubMed]

152. Hittelman JH, Dickes R. Sex differences in neonatal eye contact time. Merrill-Palmer Q Behav Dev. 1979;25(3):171–184.
153. Hoffman ML. Developmental synthesis of affect and cognition and its implications for altruistic motivation. Dev Psychol.

1975;11:607–622.
154. Hoffman ML. Sex differences in empathy and related behaviors. Psychol Bull. 1977;84(4):712. http://dx.doi.org/10.1037/0033-

2909.84.4.712. [PubMed]
155. Hoffman ML, Levine LE. Early sex differences in empathy. Dev Psychol. 1976;12(6):557–558.

http://dx.doi.org/10.1080/02699930902906882
http://dx.doi.org/10.1037/h0033830
http://dx.doi.org/10.1016/j.evolhumbehav.2006.05.002
https://www.ncbi.nlm.nih.gov/pubmed/18221733
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC24575/
https://www.ncbi.nlm.nih.gov/pubmed/9844015
http://dx.doi.org/10.1016/j.yhbeh.2008.03.008
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2583786/
https://www.ncbi.nlm.nih.gov/pubmed/18452921
https://www.ncbi.nlm.nih.gov/pubmed/24272530
http://dx.doi.org/10.1080/00223891.2012.696080
https://www.ncbi.nlm.nih.gov/pubmed/22731809
https://www.ncbi.nlm.nih.gov/pubmed/20920798
https://www.ncbi.nlm.nih.gov/pubmed/12653990
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2778237/
https://www.ncbi.nlm.nih.gov/pubmed/18938049
http://dx.doi.org/10.1037/0033-2909.84.4.712
https://www.ncbi.nlm.nih.gov/pubmed/897032


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 42/53

156. Hogeveen J, Inzlicht M, Obhi SS. Power changes how the brain responds to others. J Exp Psychol: Gen. 2014;143(2):755–762.
[PubMed]

157. Horgan TG, Smith JL. Interpersonal reasons for interpersonal perceptions: gender-incongruent purpose goals and nonverbal judgment
accuracy. J Non-verb Behav. 2006;30:127–140.

158. Horner V, Carter JD, Suchak M, de Waal FB. Spontaneous prosocial choice by chimpanzees. Proc Natl Acad Sci.
2011;108(33):13847–13851. http://dx.doi.org/10.1073/pnas.1111088108. [PMC free article] [PubMed]

159. Hughes C, Jaffee SR, Happé F, Taylor A, Caspi A, Moffitt TE. Origins of individual differences in theory of mind: from nature to
nurture? Child Dev. 2005;76(2):356–370. http://dx.doi.org/10.1111/j.1467-8624.2005.00850_a.x. [PubMed]

160. Hutchison WD, Davis KD, Lozano AM, Tasker RR, Dostrovsky JO. Pain-related neurons in the human cingulate cortex. Nat
Neurosci. 1999;2(5):403–405. [PubMed]

161. Iacoboni M. Neural mechanisms of imitation. Curr Opin Neurobiol. 2005;15(6):632–637. [PubMed]
162. Iacoboni M. Imitation, empathy, and mirror neurons. Annu Rev Psychol. 2009;60:653–670.

http://dx.doi.org/10.1146/annurev.psych.60.110707.163604. [PubMed]
163. Iacoboni M, Dapretto M. The mirror neuron system and the consequences of its dysfunction. Nat Rev Neurosci. 2006;7:942–951.

[PubMed]
164. Iacoboni M, Woods RP, Brass M, Bekkering H, Mazziotta JC, Rizzolatti G. Cortical mechanisms of human imitation. Science.

1999;286:2526–2528. [PubMed]
165. Iacoboni M, Molnar-Szakacs I, Gallese V, Buccino G, Mazziotta JC, Rizzolatti G. Grasping the intentions of others with one’s own

mirror neuron system. PLoS Biol. 2005;3(3):e79. (Retrieved from Google Scholar) [PMC free article] [PubMed]
166. Ibanez A, Huepe D, Gempp R, Gutiérrez V, Rivera-Rei A, Toledo MI. Empathy, sex and fluid intelligence as predictors of theory of

mind. Pers Individ Differ. 2013;54(5):616–621. http://dx.doi.org/10.1016/j.paid.2012.11.022.
167. Ickes W, Gesn PR, Graham T. Gender differences in empathic accuracy: differential ability or differential motivation? Pers Relat.

2000;7(1):95–109. http://dx.doi.org/10.1111/j.1475-6811.2000.tb00006.x.
168. Iredale W, Van Vugt M, Dunbar R. Showing off in humans: male generosity as a mating signal. Evol Psychol. 2008;6(3):386–392.
169. Jaffee S, Hyde JS. Gender differences in moral orientation: a meta-analysis. Psychol Bull. 2000;126(5):703–726.

http://dx.doi.org/10.1037/0033-2909.126.5.703. [PubMed]
170. Johansson G. Visual perception of biological motion and a model for its analysis. Percept Psychophys. 1973;14:201–211.
171. Jolliffe D, Farrington DP. Development and validation of the basic empathy scale. J Adolesc. 2006;29:589–611. [PubMed]
172. Jones BC, DeBruine LM, Little AC, Burriss RP, Feinberg DR. Social transmission of face preferences among humans. Proc Biol Sci

R Soc. 2007;274(1611):899–903. http://dx.doi.org/10.1098/rspb.2006.0205. [PMC free article] [PubMed]
173. Kahlenberg SM, Wrangham RW. Sex differences in chimpanzees’ use of sticks as play objects resemble those of children. Curr Biol.

2010;20(24):R1067–R1068. http://dx.doi.org/10.1016/j.cub.2010.11.024. [PubMed]
174. Kevrekidis P, Skapinakis P, Damigos D, Mavreas V. Adaptation of the emotional contagion scale (ECS) and gender differences within

the Greek cultural context. Ann Gen Psychiatry. 2008;7:14. http://dx.doi.org/10.1186/1744-859X-7-14. [PMC free article] [PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/23815455
http://dx.doi.org/10.1073/pnas.1111088108
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3158226/
https://www.ncbi.nlm.nih.gov/pubmed/21825175
http://dx.doi.org/10.1111/j.1467-8624.2005.00850_a.x
https://www.ncbi.nlm.nih.gov/pubmed/15784087
https://www.ncbi.nlm.nih.gov/pubmed/10321241
https://www.ncbi.nlm.nih.gov/pubmed/16271461
http://dx.doi.org/10.1146/annurev.psych.60.110707.163604
https://www.ncbi.nlm.nih.gov/pubmed/18793090
https://www.ncbi.nlm.nih.gov/pubmed/17115076
https://www.ncbi.nlm.nih.gov/pubmed/10617472
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1044835/
https://www.ncbi.nlm.nih.gov/pubmed/15736981
http://dx.doi.org/10.1016/j.paid.2012.11.022
http://dx.doi.org/10.1111/j.1475-6811.2000.tb00006.x
http://dx.doi.org/10.1037/0033-2909.126.5.703
https://www.ncbi.nlm.nih.gov/pubmed/10989620
https://www.ncbi.nlm.nih.gov/pubmed/16198409
http://dx.doi.org/10.1098/rspb.2006.0205
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2093971/
https://www.ncbi.nlm.nih.gov/pubmed/17251104
http://dx.doi.org/10.1016/j.cub.2010.11.024
https://www.ncbi.nlm.nih.gov/pubmed/21172622
http://dx.doi.org/10.1186/1744-859X-7-14
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2533309/
https://www.ncbi.nlm.nih.gov/pubmed/18718010


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 43/53

175. Keysers C, Fadiga L. The mirror neuron system: new frontiers. Soc Neurosci. 2008;3(3–4):193–198.
http://dx.doi.org/10.1080/17470910802408513. [PubMed]

176. Keysers C, Gazzola V. Dissociating the ability and propensity for empathy. Trends Cogn Sci. 2014
http://dx.doi.org/10.1016/j.tics.2013.12.011 (Advance Online Publication) [PMC free article] [PubMed]

177. Keysers C, Meffert H, Gazzola V. Reply: spontaneous versus deliberate vicarious representations: different routes to empathy in
psychopathy and autism. Brain. 2014 http://dx.doi.org/10.1093/brain/awt376 (Advance Online Publication) [PMC free article]
[PubMed]

178. Klauer KC. Affective priming. Eur Rev Soc Psychol. 1997;8(1):67–103.
179. Klein KJK, Hodges SD. Gender differences, motivation, and empathic accuracy: when it pays to understand. Pers Soc Psychol Bull.

2001;27:720–730.
180. Knafo A, Plomin R. Prosocial behavior from early to middle childhood: genetic and environmental influences on stability and change.

Dev Psychol. 2006;42:771–786. http://dx.doi.org/10.1037/0012-1649.42.5.771. [PubMed]
181. Knafo A, Zahn-Waxler C, Van Hulle C, Robinson JL, Rhee SH. The developmental origins of a disposition toward empathy: genetic

and environmental contributions. Emotion. 2008;8:737–752. http://dx.doi.org/10.1037/a0014179. [PubMed]
182. Knickmeyer R, Baron-Cohen S, Raggatt P, Taylor K, Hackett G. Fetal testosterone and empathy. Horm Behav. 2006;49:282–292.

[PubMed]
183. Knight GP, Fabes RA, Higgins DA. Gender differences in the cooperative, competitive, and individualistic social values of children.

Motiv Emotion. 1989;13:125–141.
184. Knoch D, Pascual-Leone A, Meyer K, Treyer V, Fehr E. Diminishing reciprocal fairness by disrupting the right prefrontal cortex.

Science (New York, NY) 2006;314:829–832. [PubMed]
185. Koestner R, Franz C, Weinberger J. The family origins of empathic concern: a 26-year longitudinal study. J Pers Soc Psychol.

1990;58:709–717. [PubMed]
186. Kohler E, Keysers C, Umiltà MA, Fogassi L, Gallese V, Rizzolatti G. Hearing sounds, understanding actions: action representation in

mirror neurons. Science. 2002;297(5582):846–848. http://dx.doi.org/10.1126/science.1070311. [PubMed]
187. Kret ME, De Gelder B. A review on sex differences in processing emotional signals. Neuropsychologia. 2012;50(7):1211–1221.

http://dx.doi.org/10.1016/j.neuropsychologia.2011.12.022. [PubMed]
188. Krüger S, Sokolov AN, Enck P, Krägeloh-Mann I, Pavlova MA. Emotion through locomotion: gender impact. PLoS One.

2013;8:e81716. [PMC free article] [PubMed]
189. LaFreniere P. Evolutionary functions of social play: life histories, sex differences, and emotion regulation. Am J Play. 2011;3(4):464–

488.
190. Lakin JL, Jefferis VE, Cheng CM, Chartrand TL. The chameleon effect as social glue: evidence for the evolutionary significance of

nonconscious mimicry. J Nonverb Behav. 2003;27(3):145–162.
191. Lam CB, Solmeyer AR, McHale SM. Sibling relationships and empathy across the transition to adolescence. J Youth Adolesc.

2012;41(12):1657–1670. http://dx.doi.org/10.1007/s10964-012-9781-8. [PMC free article] [PubMed]

http://dx.doi.org/10.1080/17470910802408513
https://www.ncbi.nlm.nih.gov/pubmed/18979388
http://dx.doi.org/10.1016/j.tics.2013.12.011
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4560165/
https://www.ncbi.nlm.nih.gov/pubmed/24484764
http://dx.doi.org/10.1093/brain/awt376
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3959551/
https://www.ncbi.nlm.nih.gov/pubmed/24501095
http://dx.doi.org/10.1037/0012-1649.42.5.771
https://www.ncbi.nlm.nih.gov/pubmed/16953685
http://dx.doi.org/10.1037/a0014179
https://www.ncbi.nlm.nih.gov/pubmed/19102585
https://www.ncbi.nlm.nih.gov/pubmed/16226265
https://www.ncbi.nlm.nih.gov/pubmed/17023614
https://www.ncbi.nlm.nih.gov/pubmed/2348366
http://dx.doi.org/10.1126/science.1070311
https://www.ncbi.nlm.nih.gov/pubmed/12161656
http://dx.doi.org/10.1016/j.neuropsychologia.2011.12.022
https://www.ncbi.nlm.nih.gov/pubmed/22245006
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3838416/
https://www.ncbi.nlm.nih.gov/pubmed/24278456
http://dx.doi.org/10.1007/s10964-012-9781-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3493674/
https://www.ncbi.nlm.nih.gov/pubmed/22714744


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 44/53

192. Lamm C, Nusbaum HC, Meltzoff AN, Decety J. What are you feeling? Using functional magnetic resonance imaging to assess the
modulation of sensory and affective responses during empathy for pain. PLoS One. 2007;2(12):e1292.
http://dx.doi.org/10.1371/journal.pone.0001292. [PMC free article] [PubMed]

193. Langford DJ, Crager SE, Shehzad Z, Smith SB, Sotocinal SG, Levenstadt JS, et al. Social modulation of pain as evidence for empathy
in mice. Science. 2006;312(5782):1967–1970. http://dx.doi.org/10.1126/science.1128322. [PubMed]

194. Langford DJ, Tuttle AH, Brown K, Deschenes S, Fischer DB, Mutso A, et al. Social approach to pain in laboratory mice. Soc
Neurosci. 2010;5(2):163–170. http://dx.doi.org/10.1080/17470910903216609. [PubMed]

195. Lawrence EJ, Shaw P, Baker D, Baron-Cohen S, David AS. Measuring empathy: reliability and validity of the empathy quotient.
Psychol Med. 2004;34:911–924. [PubMed]

196. Levenson RW, Ruef AM. Empathy: a physiological substrate. J Pers Soc Psychol. 1992;63(2):234–246.
http://dx.doi.org/10.1037/0022-3514.63.2.234. [PubMed]

197. Levine LE, Hoffman ML. Empathy and cooperation in 4-year-olds. Dev Psychol. 1975;11(4):533–534.
http://dx.doi.org/10.1037/h0076680.

198. Lewis GJ, Bates TC. A common heritable factor influences prosocial obligations across multiple domains. Biol Lett. 2011;7(4):567–
570. http://dx.doi.org/10.1098/rsbl.2010.1187. [PMC free article] [PubMed]

199. Li NP, Bailey JM, Kenrick DT, Linsenmeier JA. The necessities and luxuries of mate preferences: testing the tradeoffs. J Pers Soc
Psychol. 2002;82(6):947–955. http://dx.doi.org/10.1037/0022-3514.82.6.947. [PubMed]

200. Liebal K, Vaish A, Haun D, Tomasello M. Does sympathy motivate prosocial behaviour in great apes? PLoS One. 2014;9(1):e84299.
http://dx.doi.org/10.1371/journal.pone.0084299. [PMC free article] [PubMed]

201. Liew SL, Han S, Aziz-Zadeh L. Familiarity modulates mirror neuron and mentalizing regions during intention understanding. Hum
Brain Mapp. 2011;32(11):1986–1997. [PubMed]

202. Loewenstein G. Hot-cold empathy gaps and medical decision making. Health Psychol. 2005;24(4S):S49–S56.
http://dx.doi.org/10.1037/0278-6133.24.4.S49. [PubMed]

203. Loggia ML, Mogil JS, Bushnell MC. Empathy hurts: compassion for another increases both sensory and affective components of pain
perception. Pain. 2008;136(1–2):168–176. [PubMed]

204. Lundqvist LO. Facial EMG reactions to facial expressions: a case of facial emotional contagion? Scand J Psychol. 1995;36(2):130–
141. [PubMed]

205. Lutchmaya S, Baron-Cohen S. Human sex differences in social and non-social looking preferences, at 12 months of age. Inf Behav
Dev. 2002;25(3):319–325. http://dx.doi.org/10.1016/S0163-6383(02)00095-4.

206. Ma Y, Wang C, Han S. Neural responses to perceived pain in others predict real-life monetary donations in different socioeconomic
contexts. NeuroImage. 2011;57(3):1273–1280. [PubMed]

207. Maestripieri D. Social structure, infant handling, and mothering styles in group-living Old World monkeys. Int J Primatol.
1994;15(4):531–553. http://dx.doi.org/10.1007/BF02735970.

208. Maestripieri D. Biological bases of maternal attachment. Curr Direct Psychol Sci. 2001;10(3):79–83.

http://dx.doi.org/10.1371/journal.pone.0001292
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2144768/
https://www.ncbi.nlm.nih.gov/pubmed/18091986
http://dx.doi.org/10.1126/science.1128322
https://www.ncbi.nlm.nih.gov/pubmed/16809545
http://dx.doi.org/10.1080/17470910903216609
https://www.ncbi.nlm.nih.gov/pubmed/19844845
https://www.ncbi.nlm.nih.gov/pubmed/15500311
http://dx.doi.org/10.1037/0022-3514.63.2.234
https://www.ncbi.nlm.nih.gov/pubmed/1403614
http://dx.doi.org/10.1037/h0076680
http://dx.doi.org/10.1098/rsbl.2010.1187
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3130221/
https://www.ncbi.nlm.nih.gov/pubmed/21307044
http://dx.doi.org/10.1037/0022-3514.82.6.947
https://www.ncbi.nlm.nih.gov/pubmed/12051582
http://dx.doi.org/10.1371/journal.pone.0084299
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3885567/
https://www.ncbi.nlm.nih.gov/pubmed/24416212
https://www.ncbi.nlm.nih.gov/pubmed/20882581
http://dx.doi.org/10.1037/0278-6133.24.4.S49
https://www.ncbi.nlm.nih.gov/pubmed/16045419
https://www.ncbi.nlm.nih.gov/pubmed/17822850
https://www.ncbi.nlm.nih.gov/pubmed/7644897
http://dx.doi.org/10.1016/S0163-6383(02)00095-4
https://www.ncbi.nlm.nih.gov/pubmed/21596143
http://dx.doi.org/10.1007/BF02735970


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 45/53

209. Maestripieri D. Attachment. In: Maestripieri D, editor. Primate Psychology. Harvard University Press; Cambridge, MA: 2003. pp.
108–143.

210. Maestripieri D, Wallen K. Affiliative and submissive communication in rhesus macaques. Primates. 1997;38(2):127–138.
http://dx.doi.org/10.1007/BF02382003.

211. Magen E, Konasewich PA. Women support providers are more susceptible than men to emotional contagion following brief
supportive interactions. Psychol Women Q. 2011;35(4):611–616. http://dx.doi.org/10.1177/0361684311423912.

212. Mancini G, Ferrari PF, Palagi E. Rapid facial mimicry in geladas. Sci Rep. 2013;3:1527. http://dx.doi.org/10.1038/srep01527.
[PMC free article] [PubMed]

213. Manning JT, Heaton R, Chamberlain AT. Left-side cradling: similarities and differences between apes and humans. J Hum Evol.
1994;26(1):77–83. http://dx.doi.org/10.1006/jhev.1994.1005.

214. Martin GB, Clark RD. Distress crying in neonates: species and peer specificity. Dev Psychol. 1982;18:3–9.
215. Martin RD, MacLarnon AM. Gestation period, neonatal size and maternal investment in placental mammals. Nature. 1985;313:220–

223. http://dx.doi.org/10.1038/313220a0.
216. Martin RA, Berry GE, Dobranski T, Horne M, Dodgson PG. Emotion perception threshold: individual differences in emotional

sensitivity. J Res Pers. 1996;30:290–330.
217. Masten CL, Morelli SA, Eisenberger NI. An fMRI investigation of empathy for ‘social pain’ and subsequent prosocial behavior.

NeuroImage. 2011;55(1):381–388. http://dx.doi.org/10.1016/j.neuroimage.2010.11.060. [PubMed]
218. Matsuzawa T. Comparative cognitive development. Dev Sci. 2007;10(1):97–103. http://dx.doi.org/10.1111/j.1467-

7687.2007.00570.x. [PubMed]
219. Mayes LC, Carter AS. Emerging social regulatory capacities as seen in the still-face situation. Child Dev. 1990;61:754–763.

[PubMed]
220. McClure EB. A meta-analytic review of sex differences in facial expression processing and their development in infants, children, and

adolescents. Psychol Bull. 2000;126(3):424–453. http://dx.doi.org/10.1037/0033-2909.126.3.424. [PubMed]
221. McDonald NM, Messinger DS. The development of empathy: how, when, and why. In: Acerbi A, Lombo JA, Sanguineti JJ, editors.

Free will, Emotions, and Moral Actions: Philosophy and Neuroscience in Dialogue. IF-Press; Vatican City: 2011.
222. McIntosh DN. Spontaneous facial mimicry, liking and emotional contagion. Pol Psychol Bull. 2006;37(1):31–42.
223. McIntosh DN, Reichmann-Decker A, Winkielman P, Wilbarger JL. When the social mirror breaks: deficits in automatic, but not

voluntary, mimicry of emotional facial expressions in autism. Dev Sci. 2006;9(3):295–302. http://dx.doi.org/10.1111/j.1467-
7687.2006.00492.x. [PubMed]

224. Meffert H, Gazzola V, den Boer JA, Bartels AA, Keysers C. Reduced spontaneous but relatively normal deliberate vicarious
representations in psychopathy. Brain. 2013;136(8):2550–2562. http://dx.doi.org/10.1093/brain/awt190. [PMC free article] [PubMed]

225. Mehrabian A, Epstein N. A measure of emotional empathy. J Pers. 1972;40:525–543. [PubMed]
226. Mehrabian A, Young AL, Sato S. Emotional empathy and associated individual differences. Curr Psychol. 1988;7(3):221–240.

http://dx.doi.org/10.1007/BF02686670.

http://dx.doi.org/10.1007/BF02382003
http://dx.doi.org/10.1177/0361684311423912
http://dx.doi.org/10.1038/srep01527
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3610402/
https://www.ncbi.nlm.nih.gov/pubmed/23538990
http://dx.doi.org/10.1006/jhev.1994.1005
http://dx.doi.org/10.1038/313220a0
http://dx.doi.org/10.1016/j.neuroimage.2010.11.060
https://www.ncbi.nlm.nih.gov/pubmed/21122817
http://dx.doi.org/10.1111/j.1467-7687.2007.00570.x
https://www.ncbi.nlm.nih.gov/pubmed/17181706
https://www.ncbi.nlm.nih.gov/pubmed/2364750
http://dx.doi.org/10.1037/0033-2909.126.3.424
https://www.ncbi.nlm.nih.gov/pubmed/10825784
http://dx.doi.org/10.1111/j.1467-7687.2006.00492.x
https://www.ncbi.nlm.nih.gov/pubmed/16669800
http://dx.doi.org/10.1093/brain/awt190
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3722356/
https://www.ncbi.nlm.nih.gov/pubmed/23884812
https://www.ncbi.nlm.nih.gov/pubmed/4642390
http://dx.doi.org/10.1007/BF02686670


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 46/53

227. Mendoza SP, Mason WA. Parental division of labour and differentiation of attachments in a monogamous primate (Callicebus
moloch) Anim Behav. 1986;34(5):1336–1347. http://dx.doi.org/10.1016/S0003-3472(86)80205-6.

228. Meneghetti C, Pazzaglia F, De Beni R. Which spatial abilities and strategies predict males’ and females’ performance in the object
perspective test? Cognit Process. 2012;13(1 Suppl):267–270. [PubMed]

229. Mesch DJ, Rooney PM, Steinberg KS, Denton B. The effects of race, gender, and marital status on giving and volunteering in
Indiana. Nonprofit Volunt Sect Q. 2006;35:565–587.

230. Mesch DJ, Brown MS, Moore ZI, Hayat AD. Gender differences in charitable giving. Int J Nonprofit Volunt Sect Mark. 2011;16:342–
355.

231. Mestre MV, Samper P, Frías MD, Tur AM. Are women more empathetic than men? A longitudinal study in adolescence. Span J
Psychol. 2009;12(01):76–83. http://dx.doi.org/10.1017/S1138741600001499. [PubMed]

232. Michalska KJ, Kinzler KD, Decety J. Age-related sex differences in explicit measures of empathy do not predict brain responses
across childhood and adolescence. Dev Cogn Neurosci. 2013;3:22–32. http://dx.doi.org/10.1016/j.dcn.2012.08.001. [PubMed]

233. Miklikowska M, Duriez B, Soenens B. Family roots of empathy-related characteristics: the role of perceived maternal and paternal
need support in adolescence. Dev Psychol. 2011;47(5):1342. http://dx.doi.org/10.1037/a0024726. [PubMed]

234. Mills RSL, Pedersen J, Grusec JE. Sex differences in reasoning and emotion about altruism. Sex Roles. 1989;20:603–621.
235. Montoya ER, Terburg D, Bos PA, Will GJ, Buskens V, Raub W, van Honk J. Testosterone administration modulates moral judgments

depending on second-to-fourth digit ratio. Psychoneuroendocrinology. 2013;38:1362–1369. [PubMed]
236. Morimoto Y, Fujita K. Capuchin monkeys (Cebus apella) modify their own behaviors according to a conspecific’s emotional

expressions. Primates. 2011;52(3):279–286. http://dx.doi.org/10.1007/s10329-011-0249-3. [PubMed]
237. Mukamel R, Ekstrom AD, Kaplan J, Iacoboni M, Fried I. Single-neuron responses in humans during execution and observation of

actions. Curr Biol: CB. 2010;20(8):750–756. http://dx.doi.org/10.1016/j.cub.2010.02.045. [PMC free article] [PubMed]
238. Murray L, Fiori-Cowley A, Hooper R, Cooper P. The impact of postnatal depression and associated adversity on early mother–infant

interactions and later infant outcome. Child Dev. 1996;67(5):2512–2526. http://dx.doi.org/10.1111/j.1467-8624.1996.tb01871.x.
[PubMed]

239. Muthukumaraswamy SD, Johnson BW. Changes in rolandic mu rhythm during observation of a precision grip. Psychophysiology.
2004;41:152–156. http://dx.doi.org/10.1046/j.1469-8986.2003.00129.x. [PubMed]

240. Nagasaka Y, Chao ZC, Hasegawa N, Notoya T, Fujii N. Spontaneous synchronization of arm motion between Japanese macaques. Sci
Rep. 2013;3:1151. http://dx.doi.org/10.1038/srep01151. [PMC free article] [PubMed]

241. Nagy E. From imitation to conversation: the first dialogues with human neonates. Infant Child Dev. 2006;15:223–232.
http://dx.doi.org/10.1002/icd.460.

242. Nagy E, Kompagne H, Orvos H, Pal A. Gender-related differences in neonatal imitation. Infant Child Dev. 2007;16(3):267–276.
http://dx.doi.org/10.1002/icd.497.

243. Nettle D. Empathizing and systemizing: what are they, and what do they contribute to our understanding of psychological sex
differences? Br J Psychol. 2007;98:237–255. [PubMed]

http://dx.doi.org/10.1016/S0003-3472(86)80205-6
https://www.ncbi.nlm.nih.gov/pubmed/22802042
http://dx.doi.org/10.1017/S1138741600001499
https://www.ncbi.nlm.nih.gov/pubmed/19476221
http://dx.doi.org/10.1016/j.dcn.2012.08.001
https://www.ncbi.nlm.nih.gov/pubmed/23245217
http://dx.doi.org/10.1037/a0024726
https://www.ncbi.nlm.nih.gov/pubmed/21767014
https://www.ncbi.nlm.nih.gov/pubmed/23290991
http://dx.doi.org/10.1007/s10329-011-0249-3
https://www.ncbi.nlm.nih.gov/pubmed/21448599
http://dx.doi.org/10.1016/j.cub.2010.02.045
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2904852/
https://www.ncbi.nlm.nih.gov/pubmed/20381353
http://dx.doi.org/10.1111/j.1467-8624.1996.tb01871.x
https://www.ncbi.nlm.nih.gov/pubmed/9022253
http://dx.doi.org/10.1046/j.1469-8986.2003.00129.x
https://www.ncbi.nlm.nih.gov/pubmed/14693010
http://dx.doi.org/10.1038/srep01151
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3556593/
https://www.ncbi.nlm.nih.gov/pubmed/23359601
http://dx.doi.org/10.1002/icd.460
http://dx.doi.org/10.1002/icd.497
https://www.ncbi.nlm.nih.gov/pubmed/17456271


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 47/53

244. Niedenthal PM, Mermillod M, Maringer M, Hess U. The simulation of smiles (SIMS) model: embodied simulation and the meaning
of facial expression. Behav Brain Sci. 2010;33:417–433. [PubMed]

245. Niedenthal PM, Augustinova M, Rychlowska M, Droit-Volet S, Zinner L, Knafo A, Brauer M. Negative relations between pacifier
use and emotional competence. Basic Appl Soc Psychol. 2012;34(5):387–394. http://dx.doi.org/10.1080/01973533.2012.712019.

246. Norscia I, Palagi E. Yawn contagion and empathy in Homo sapiens. PLoS One. 2011;6(12):e28472.
http://dx.doi.org/10.1371/journal.pone.0028472. [PMC free article] [PubMed]

247. Oberman LM, Winkielman P, Ramachandran VS. Face to face: blocking facial mimicry can selectively impair recognition of
emotional expressions. Soc Neurosci. 2007;2(3–4):167–178. http://dx.doi.org/10.1080/17470910701391943. [PubMed]

248. Oberman LM, Winkielman P, Ramachandran VS. Slow echo: facial EMG evidence for the delay of spontaneous, but not voluntary,
emotional mimicry in children with autism spectrum disorders. Dev Sci. 2009;12(4):510–520. http://dx.doi.org/10.1111/j.1467-
7687.2008.00796.x. [PubMed]

249. Obhi SS. The amazing capacity to read intentions from movement kinematics. Front Hum Neurosci. 2012;6:162.
http://dx.doi.org/10.3389/fnhum.2012.00162. [PMC free article] [PubMed]

250. O’Brien E, Konrath SH, Grühn D, Hagen AL. Empathic concern and perspective taking: linear and quadratic effects of age across the
adult life span. J Gerontol, Ser B: Psychol Sci Soc Sci. 2013;68(2):168–175. http://dx.doi.org/10.1093/geronb/gbs055. [PubMed]

251. Olazábal DE, Pereira M, Agrati D, Ferreira A, Fleming AS, GonMariscal G, et al. Flexibility and adaptation of the neural substrate
that supports maternal behavior in mammals. Neurosci Biobehav Rev. 2013;37(8):1875–1892.
http://dx.doi.org/10.1016/j.neubiorev.2013.04.004. [PubMed]

252. Olweus D, Endresen IM. The importance of sex-of-stimulus object. Age trends and sex differences in empathic responsiveness. Soc
Dev. 1998;7(3):370–388. http://dx.doi.org/10.1111/1467-9507.00073.

253. Osofsky JD, O’Connell EJ. Patterning of newborn behavior in an urban population. Child Dev. 1977:532–536.
254. Pal SK. Maturation and development of social behaviour during early ontogeny in free-ranging dog puppies in West Bengal, India.

Appl Anim Behav Sci. 2008;111(1):95–107. http://dx.doi.org/10.1016/j.applanim.2007.05.016.
255. Palagi E, Cordoni G. Postconflict third-party affiliation in Canis lupus: do wolves share similarities with the great apes? Anim Behav.

2009;78:979–986.
256. Palagi E, Paoli T, Tarli SB. Reconciliation and consolation in captive Bonobos (Pan paniscus. Am J Primatol. 2004;62:15–30.

[PubMed]
257. Palagi E, Leone A, Mancini G, Ferrari PF. Contagious yawning in gelada baboons as a possible expression of empathy. Proc Natl

Acad Sci. 2009;106(46):19262–19267. http://dx.doi.org/10.1073/pnas.0910891106. [PMC free article] [PubMed]
258. Panksepp J, Panksepp JB. Toward a cross-species understanding of empathy. Trends Neurosci. 2013;36(8):489–496.

http://dx.doi.org/10.1016/j.tins.2013.04.009. [PMC free article] [PubMed]
259. Pearson A, Ropar D, de C, Hamilton AF. A review of visual perspective taking in autism spectrum disorder. Front Hum Neurosci.

2013;7:652. http://dx.doi.org/10.3389/fnhum.2013.00652. [PMC free article] [PubMed]
260. Pellegrini AD, Smith PK. The Nature of Play: Great Apes and Humans. Guilford Press; New York, NY: 2005.

https://www.ncbi.nlm.nih.gov/pubmed/21211115
http://dx.doi.org/10.1080/01973533.2012.712019
http://dx.doi.org/10.1371/journal.pone.0028472
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3233580/
https://www.ncbi.nlm.nih.gov/pubmed/22163307
http://dx.doi.org/10.1080/17470910701391943
https://www.ncbi.nlm.nih.gov/pubmed/18633815
http://dx.doi.org/10.1111/j.1467-7687.2008.00796.x
https://www.ncbi.nlm.nih.gov/pubmed/19635079
http://dx.doi.org/10.3389/fnhum.2012.00162
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3370427/
https://www.ncbi.nlm.nih.gov/pubmed/22701411
http://dx.doi.org/10.1093/geronb/gbs055
https://www.ncbi.nlm.nih.gov/pubmed/22865821
http://dx.doi.org/10.1016/j.neubiorev.2013.04.004
https://www.ncbi.nlm.nih.gov/pubmed/23608126
http://dx.doi.org/10.1111/1467-9507.00073
http://dx.doi.org/10.1016/j.applanim.2007.05.016
https://www.ncbi.nlm.nih.gov/pubmed/14752810
http://dx.doi.org/10.1073/pnas.0910891106
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2780782/
https://www.ncbi.nlm.nih.gov/pubmed/19889980
http://dx.doi.org/10.1016/j.tins.2013.04.009
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3839944/
https://www.ncbi.nlm.nih.gov/pubmed/23746460
http://dx.doi.org/10.3389/fnhum.2013.00652
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3792367/
https://www.ncbi.nlm.nih.gov/pubmed/24115930


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 48/53

261. Perry D, Walder K, Hendler T, Shamay-Tsoory SG. The gender you are and the gender you like: sexual preference and empathic
neural responses. Brain Res. 2013:1534. [PubMed]

262. Piper G, Schnepf SV. Gender differences in charitable giving in Great Britain. Voluntas: Int J Volunt Non-profit Organ. 2008;19:103–
124.

263. Platek SM, Critton SR, Myers TE, Gallup GG. Contagious yawning: the role of self-awareness and mental state attribution. Cogn
Brain Res. 2003;17(2237):22. [PubMed]

264. Plotnik JM, de Waal FBM. Asian elephants (Elephas maximus) reassure others in distress. Peer J. 2014;2:e278.
http://dx.doi.org/10.7717/peerj.278 (Advance Online Publication) [PMC free article] [PubMed]

265. Premack D, Woodruff G. Does the chimpanzee have a theory of mind? Behav Brain Sci. 1978;1(4):515–526.
http://dx.doi.org/10.1017/S0140525X00076512.

266. Preston SD. The origins of altruism in offspring care. Psychol Bull. 2013;139(6):1305–1341. http://dx.doi.org/10.1037/a0031755.
[PubMed]

267. Preston SD, De Waal F. Empathy: its ultimate and proximate bases. Behav Brain Sci. 2002;25(1):1–20.
http://dx.doi.org/10.1017/S0140525X02000018. [PubMed]

268. Proverbio AM, Adorni R, Zani A, Trestianu L. Sex differences in the brain response to affective scenes with or without humans.
Neuropsychologia. 2009;47:2374–2388. [PubMed]

269. Pryce CR. Determinants of motherhood in human and nonhuman primates: a biosocial model. In: Pryce CR, Martin RD, Skuse D,
editors. Motherhood in Human and Nonhuman Primates: Biosocial Determinants. 1995. pp. 1–15.

270. Radke-Yarrow M, Zahn-Waxler C. Roots, motives, and patterns in children’s prosocial behavior. In: Staub E, Bar-Tal D, Karylowski
J, Reykowski J, editors. Development and Maintenance of Prosocial Behavior: International Perspectives on Positive Behavior.
Plenum; New York, NY: 1984. pp. 81–99.

271. Ragsdale G, Foley RA. Testing the imprinted brain: parent-of-origin effects on empathy and systemizing. Evol Hum Behav.
2012;33(4):402–410. http://dx.doi.org/10.1016/j.evolhumbehav.2011.12.002.

272. Reimert I, Bolhuis JE, Kemp B, Rodenburg TB. Indicators of positive and negative emotions and emotional contagion in pigs.
Physiol Behav. 2013;109:42–50. http://dx.doi.org/10.1016/j.physbeh.2012.11.002. [PubMed]

273. Rennels JL, Cummings AJ. Sex differences in facial scanning. Similarities and dissimilarities between infants and adults. Int J Behav
Dev. 2013;37(2):111–117. http://dx.doi.org/10.1177/0165025412472411. [PMC free article] [PubMed]

274. Rilling JK, Demarco AC, Hackett PD, Chen X, Gautam P, Stair S, Haroon E, Thompson R, Ditzen B, Patel R, Pagnoni G. Sex
differences in the neural and behavioral response to intranasal oxytocin and vasopressin during human social interaction.
Psychoneuroendocrinology. 2014;39:237–248. http://dx.doi.org/10.1016/j.psyneuen.2013.09.022. [PMC free article] [PubMed]

275. Rizzolatti G, Craighero L. The mirror-neuron system. Annu Rev Neurosci. 2004;27:169–192.
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144230. [PubMed]

276. Rizzolatti G, Fadiga L, Gallese V, Fogassi L. Premotor cortex and the recognition of motor actions. Brain Res. 1996;3(2):131–141.
[PubMed]

https://www.ncbi.nlm.nih.gov/pubmed/23994213
https://www.ncbi.nlm.nih.gov/pubmed/12880893
http://dx.doi.org/10.7717/peerj.278
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3932735/
https://www.ncbi.nlm.nih.gov/pubmed/24688856
http://dx.doi.org/10.1017/S0140525X00076512
http://dx.doi.org/10.1037/a0031755
https://www.ncbi.nlm.nih.gov/pubmed/23458432
http://dx.doi.org/10.1017/S0140525X02000018
https://www.ncbi.nlm.nih.gov/pubmed/12625087
https://www.ncbi.nlm.nih.gov/pubmed/19061906
http://dx.doi.org/10.1016/j.evolhumbehav.2011.12.002
http://dx.doi.org/10.1016/j.physbeh.2012.11.002
https://www.ncbi.nlm.nih.gov/pubmed/23159725
http://dx.doi.org/10.1177/0165025412472411
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4232961/
https://www.ncbi.nlm.nih.gov/pubmed/25404784
http://dx.doi.org/10.1016/j.psyneuen.2013.09.022
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3842401/
https://www.ncbi.nlm.nih.gov/pubmed/24157401
http://dx.doi.org/10.1146/annurev.neuro.27.070203.144230
https://www.ncbi.nlm.nih.gov/pubmed/15217330
https://www.ncbi.nlm.nih.gov/pubmed/8713554


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 49/53

277. Rogers CM, Davenport RK. Chimpanzee maternal behavior. In: Bourne GH, editor. The Chimpanzee. Vol. 3. 1970. pp. 361–368.
278. Romero T, Castellanos MA, de Waal FB. Consolation as possible expression of sympathetic concern among chimpanzees. Proc Natl

Acad Sci. 2010;107(27):12110–12115. http://dx.doi.org/10.1073/pnas.1006991107. [PMC free article] [PubMed]
279. Rose AJ, Rudolph KD. A review of sex differences in peer relationship processes: potential trade-offs for the emotional and

behavioral development of girls and boys. Psychol Bull. 2006;132(1):98–131. http://dx.doi.org/10.1037/0033-2909.132.1.98.
[PMC free article] [PubMed]

280. Rosen WD, Adamson LB, Bakeman R. An experimental investigation of infant social referencing: mothers’ messages and gender
differences. Dev Psychol. 1992;28(6):1172. http://dx.doi.org/10.1037/0012-1649.28.6.1172.

281. Rosenblatt JS. Outline of the evolution of behavioral and nonbehavioral patterns of prental care among the vertebrates: critical
chracteristics of mammalian and avian parental behavior. Scand J Psychol. 2003;44:265–271. [PubMed]

282. Rushton JP. Genetic and environmental contributions to pro-social attitudes: a twin study of social responsibility. Proc R Soc Lond,
Ser B: Biol Sci. 2004;271(1557):2583–2585. http://dx.doi.org/10.1098/rspb.2004.2941. [PMC free article] [PubMed]

283. Russell TA, Tchanturia K, Rahman Q, Schmidt U. Sex differences in theory of mind: a male advantage on Happé’s cartoon task. Cogn
Emotion. 2007;21(7):1554–1564. http://dx.doi.org/10.1080/02699930601117096.

284. Sagi A, Hoffman ML. Empathic distress in the newborn. Dev Psychol. 1976;12:175–176.
285. Sanders J, Mayford M, Jeste D. Empathic fear responses in mice are triggered by recognition of a shared experience. PLoS One.

2013;8(9):e74609. http://dx.doi.org/10.1371/journal.pone.0074609. [PMC free article] [PubMed]
286. Sato W, Fujimura T, Kochiyama T, Suzuki N. Relationships among facial mimicry, emotional experience, and emotion recognition.

PLoS One. 2013;8(3):e57889. http://dx.doi.org/10.1371/journal.pone.0057889. [PMC free article] [PubMed]
287. Schirmer A, Kotz SA. ERP evidence for a sex-specific Stroop effect in emotional speech. J Cogn Neurosci. 2003;15(8):1135–1148.

[PubMed]
288. Schirmer A, Simpson E, Escoffier N. Listen up! Processing of intensity change differs for vocal and nonvocal sounds. Brain Res.

2007;1176:103–112. [PubMed]
289. Schmid PC, Schmid Mast M, Bombari D, Mast FW, Lobmaier JS. How mood states affect information processing during facial

emotion recognition: an eye tracking study. Swiss J Psychol. 2011;70:223–231.
290. Schulte-Rüther M, Markowitsch HJ, Shah NJ, Fink GR, Piefke M. Gender differences in brain networks supporting empathy.

NeuroImage. 2008;42:393–403. http://dx.doi.org/10.1016/j.neuroimage.2008.04.180. [PubMed]
291. Schwab C, Swoboda R, Kotrschal K, Bugnyar T. Recipients affect prosocial and altruistic choices in jackdaws, Corvus monedula.

PLoS One. 2012;7(4):e34922. http://dx.doi.org/10.1371/journal.pone.0034922. [PMC free article] [PubMed]
292. Seed AM, Clayton NS, Emery NJ. Postconflict third-party affiliation in rooks, Corvus frugilegus. Curr Biol. 2007;17:152–158.

[PubMed]
293. Seffer D, Schwarting RK, Wöhr M. Pro-social ultrasonic communication in rats: insights from playback studies. J Neurosci Methods.

2014 http://dx.doi.org/10.1016/j.jneumeth.2014.01.023. [PubMed]

http://dx.doi.org/10.1073/pnas.1006991107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2901437/
https://www.ncbi.nlm.nih.gov/pubmed/20547864
http://dx.doi.org/10.1037/0033-2909.132.1.98
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3160171/
https://www.ncbi.nlm.nih.gov/pubmed/16435959
http://dx.doi.org/10.1037/0012-1649.28.6.1172
https://www.ncbi.nlm.nih.gov/pubmed/12914590
http://dx.doi.org/10.1098/rspb.2004.2941
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1691905/
https://www.ncbi.nlm.nih.gov/pubmed/15615684
http://dx.doi.org/10.1080/02699930601117096
http://dx.doi.org/10.1371/journal.pone.0074609
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3776853/
https://www.ncbi.nlm.nih.gov/pubmed/24058601
http://dx.doi.org/10.1371/journal.pone.0057889
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3607589/
https://www.ncbi.nlm.nih.gov/pubmed/23536774
https://www.ncbi.nlm.nih.gov/pubmed/14709232
https://www.ncbi.nlm.nih.gov/pubmed/17900543
http://dx.doi.org/10.1016/j.neuroimage.2008.04.180
https://www.ncbi.nlm.nih.gov/pubmed/18514546
http://dx.doi.org/10.1371/journal.pone.0034922
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3325283/
https://www.ncbi.nlm.nih.gov/pubmed/22511972
https://www.ncbi.nlm.nih.gov/pubmed/17240341
http://dx.doi.org/10.1016/j.jneumeth.2014.01.023
https://www.ncbi.nlm.nih.gov/pubmed/24508146


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 50/53

294. Senju A, Maeda M, Kikuchi Y, Hasegawa T, Tojo Y, Osanai H. Absence of contagious yawning in children with autism spectrum
disorder. Biol Lett. 2007;3(6):706–708. http://dx.doi.org/10.1098/rsbl.2007.0337. [PMC free article] [PubMed]

295. Senju A, Kikuchi Y, Akechi H, Hasegawa T, Tojo Y, Osanai H. Brief report: does eye contact induce contagious yawning in children
with autism spectrum disorder? J Autism Dev Disord. 2009;39(11):1598–1602. http://dx.doi.org/10.1007/s10803-009-0785-5.
[PubMed]

296. Sergeant MJ, Dickins TE, Davies MN, Griffiths MD. Aggression, empathy and sexual orientation in males. Pers Indiv Differ.
2006;40(3):475–486. http://dx.doi.org/10.1016/j.paid.2005.07.002.

297. Shamay-Tsoory SG. Dynamic functional integration of distinct neural empathy systems. Soc Cogn Affect Neurosci. 2014;9(1):1–2.
http://dx.doi.org/10.1093/scan/nst107. [PMC free article] [PubMed]

298. Shamay-Tsoory SG, Aharon-Peretz J, Perry D. Two systems for empathy: a double dissociation between emotional and cognitive
empathy in inferior frontal gyrus versus ventromedial prefrontal lesions. Brain. 2009;132(3):617–627.
http://dx.doi.org/10.1093/brain/awn279. [PubMed]

299. Simner ML. Newborn’s response to the cry of another infant. Dev Psychol. 1971;5(1):136–150. http://dx.doi.org/10.1037/h0031066.
300. Sims TB, Van Reekum CM, Johnstone T, Chakrabarti B. How reward modulates mimicry: EMG evidence of greater facial mimicry of

more rewarding happy faces. Psychophysiology. 2012;49(7):998–1004. http://dx.doi.org/10.1111/j.1469-8986.2012.01377.x.
[PubMed]

301. Singer T. The neuronal basis and ontogeny of empathy and mind reading: review of literature and implications for future research.
Neurosci Biobehav Rev. 2006;30(6):855–863. http://dx.doi.org/10.1016/j.neubiorev.2006.06.011. [PubMed]

302. Singer T, Seymour B, O’Doherty JP, Stephan KE, Dolan RJ, Frith CD. Empathic neural responses are modulated by the perceived
fairness of others. Nature. 2006;439:466–469. http://dx.doi.org/10.1038/nature04271. [PMC free article] [PubMed]

303. Smith A. Cognitive empathy and emotional empathy–affective empathy in human behavior and evolution. Psychol Rec.
2006;56(1):3–21.

304. Smith PK. Children and Play: Understanding Children’s Worlds. Wiley Black-well; West Sussex: 2010.
305. Sokolov AA, Krüger S, Enck P, Krägeloh-Mann I, Pavlova MA. Gender affects body language reading. Front Psychol. 2011

http://dx.doi.org/10.3389/fpsyg.2011.00016. [PMC free article] [PubMed]
306. Solnick SJ. Gender differences in the Ultimatum Game. Econ Inq. 2001;39:189–200.
307. Sonnby-Borgström M. Automatic mimicry reactions as related to differences in emotional empathy–affective empathy. Scand J

Psychol. 2002;43(5):433–443. http://dx.doi.org/10.1111/1467-9450.00312. [PubMed]
308. Sonnby-Borgström M, Jönsson P, Svensson O. Emotional empathy: affective empathy as related to mimicry reactions at different

levels of information processing. J Nonverb Behav. 2003;27(1):3–23.
309. Spengler S, Von Cramon DY, Brass M. Resisting motor mimicry: control of imitation involves processes central to social cognition in

patients with frontal and temporoparietal lesions. Soc Neurosci. 2010;5:401–416. [PubMed]
310. Stel M, van Knippenberg A. The role of facial mimicry in the recognition of affect. Psychol Sci. 2008;19(10):984–985. [PubMed]
311. Stern D. The First Relationship: Infant and Mother. Harvard University Press; Cambridge, MA: 1977.

http://dx.doi.org/10.1098/rsbl.2007.0337
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2391210/
https://www.ncbi.nlm.nih.gov/pubmed/17698452
http://dx.doi.org/10.1007/s10803-009-0785-5
https://www.ncbi.nlm.nih.gov/pubmed/19533316
http://dx.doi.org/10.1016/j.paid.2005.07.002
http://dx.doi.org/10.1093/scan/nst107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3871737/
https://www.ncbi.nlm.nih.gov/pubmed/23956080
http://dx.doi.org/10.1093/brain/awn279
https://www.ncbi.nlm.nih.gov/pubmed/18971202
http://dx.doi.org/10.1037/h0031066
http://dx.doi.org/10.1111/j.1469-8986.2012.01377.x
https://www.ncbi.nlm.nih.gov/pubmed/22563935
http://dx.doi.org/10.1016/j.neubiorev.2006.06.011
https://www.ncbi.nlm.nih.gov/pubmed/16904182
http://dx.doi.org/10.1038/nature04271
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2636868/
https://www.ncbi.nlm.nih.gov/pubmed/16421576
http://dx.doi.org/10.3389/fpsyg.2011.00016
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3111255/
https://www.ncbi.nlm.nih.gov/pubmed/21713180
http://dx.doi.org/10.1111/1467-9450.00312
https://www.ncbi.nlm.nih.gov/pubmed/12500783
https://www.ncbi.nlm.nih.gov/pubmed/20401807
https://www.ncbi.nlm.nih.gov/pubmed/19000207


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 51/53

312. Stevens JS, Hamann S. Sex differences in brain activation to emotional stimuli: a meta-analysis of neuroimaging studies.
Neuropsychologia. 2012;50(7):1578–1593. http://dx.doi.org/10.1016/j.neuropsychologia.2012.03.011. [PubMed]

313. Strayer J, Roberts W. Children’s anger, emotional expressiveness, and empathy: relations with parents’ empathy, emotional
expressiveness, and parenting practices. Soc Dev. 2004;13:229–254.

314. Takeuchi H, Taki Y, Thyreau B, Sassa Y, Hashizume H, Sekiguchi A, Nagase T, Nouchi R, Fukushima A, Kawashima R. White
matter structures associated with empathizing and systemizing in young adults. NeuroImage. 2013;77:222–236. [PubMed]

315. Taylor SE, Klein LC, Lewis BP, Gruenewald TL, Gurung RA, Updegraff JA. Biobehavioral responses to stress in females: tend-and-
befriend, not fight-or-flight. Psychol Rev. 2000;107(3):411–429. http://dx.doi.org/10.1037/0033-295X.107.3.411. [PubMed]

316. Thayer JF, Johnson BH. Sex differences in judgment of facial affect: a multivariate analysis of recognition errors. Scand J Psychol.
2000;41:243–246. [PubMed]

317. Theodoridou A, Rowe AC, Mohr C. Men perform comparably to women in a perspective taking task after administration of intranasal
oxytocin but not after placebo. Front Hum Neurosci. 2013;7:197. http://dx.doi.org/10.3389/fnhum.2013.00197. [PMC free article]
[PubMed]

318. Thoma P, Zalewski I, von Reventlow HG, Norra C, Juckel G, Daum I. Cognitive and affective empathy in depression linked to
executive control. Psychiatry Res. 2011;189(3):373–378. http://dx.doi.org/10.1016/j.psychres.2011.07.030. [PubMed]

319. Thompson RA. Empathy and emotional understanding: the early development of empathy. In: Eisenberg N, Strayer J, editors.
Empathy and its Development. Cambridge University Press; Cambridge: 1987.

320. Thompson AE, Voyer D. Sex differences in the ability to recognise non-verbal displays of emotion: a meta-analysis. Cogn Emotion.
2014 http://dx.doi.org/10.1080/02699931.2013.875889 (Advance Online Publication) [PubMed]

321. Tomova L, von Dawans B, Heinrichs M, Silani G, Lamm C. Is stress affecting our ability to tune into others? Evidence for gender
differences in the effects of stress on self-other distinction. Psychoneuroendocrinology. 2014
http://dx.doi.org/10.1016/j.psyneuen.2014.02.006 (Advance Online Publication) [PubMed]

322. Trevarthen C. Communication and cooperation in early infancy: a description of primary intersubjectivity. In: Bullowa M, editor.
Before Speech: The Beginning of Interpersonal Communication. Cambridge University Press; Cambridge: 1979. pp. 321–347.

323. Trevarthen C. The concept and foundations of infant intersubjectivity. In: Braten S, editor. Intersubjective Communication and
Emotion in Early Ontogeny. Cambridge University Press; Cambridge: 1998. pp. 15–46.

324. Trumbo ST. Patterns of parental care in invertebrates. In: Kölliker M, editor. The Evolution of Parental Care. Oxford University Press;
Oxford: 2012. pp. 81–100.

325. Tutin CE, McGinnis PR. Chimpanzee reproduction in the wild. In: Graham CE, editor. Reproductive Biology of the Great Apes:
Comparative and Biomedical Perspectives. Academic Press; New York, NY: 1981. pp. 239–264.

326. Ungerer JA. The early development of empathy: self-regulation and individual differences in the first year. Motiv Emotion.
1990;14:93–106.

327. van den Brink D, Van Berkum JJ, Bastiaansen MC, Tesink CM, Kos M, Buitelaar JK, Hagoort P. Empathy matters: ERP evidence for
inter-individual differences in social language processing. Soc Cogn Affect Neurosci. 2012;7:173–183. [PMC free article] [PubMed]

http://dx.doi.org/10.1016/j.neuropsychologia.2012.03.011
https://www.ncbi.nlm.nih.gov/pubmed/22450197
https://www.ncbi.nlm.nih.gov/pubmed/23578577
http://dx.doi.org/10.1037/0033-295X.107.3.411
https://www.ncbi.nlm.nih.gov/pubmed/10941275
https://www.ncbi.nlm.nih.gov/pubmed/11041306
http://dx.doi.org/10.3389/fnhum.2013.00197
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3664327/
https://www.ncbi.nlm.nih.gov/pubmed/23754995
http://dx.doi.org/10.1016/j.psychres.2011.07.030
https://www.ncbi.nlm.nih.gov/pubmed/21868105
http://dx.doi.org/10.1080/02699931.2013.875889
https://www.ncbi.nlm.nih.gov/pubmed/24400860
http://dx.doi.org/10.1016/j.psyneuen.2014.02.006
https://www.ncbi.nlm.nih.gov/pubmed/24703175
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3277364/
https://www.ncbi.nlm.nih.gov/pubmed/21148175


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 52/53

328. van Honk J, Schutter DJ, Bos PA, Kruijt AW, Lentjes EG, Baron-Cohen S. Testosterone administration impairs cognitive empathy in
women depending on second-to-fourth digit ratio. Proc Natl Acad Sci USA. 2011;108:3448–3452. [PMC free article] [PubMed]

329. Van Tilburg MAL, Unterberg ML, Vingerhoets AJJM. Crying during adolescence: the role of gender, menarche, and empathy. Br J
Dev Psychol. 2002;20:77–87.

330. Volbrecht MM, Lemery-Chalfant K, Aksan N, Zahn-Waxler C, Goldsmith HH. Examining the familial link between positive affect
and empathy development in the second year. J Genet Psychol. 2007;168(2):105–130. http://dx.doi.org/10.3200/GNTP.168.2.105-130.
[PMC free article] [PubMed]

331. Walker S. Gender differences in the relationship between young children’s peer-related social competence and individual differences
in theory of mind. J Genet Psychol. 2005;166(3):297–312. [PubMed]

332. Walter H. Social cognitive neuroscience of empathy: concepts, circuits, and genes. Emotion Rev. 2012;4(1):9–17.
http://dx.doi.org/10.1177/1754073911421379.

333. Ward C, Bauer EB, Smuts BB. Partner preferences and asymmetries in social play among domestic dog, Canis lupus familiaris,
littermates. Anim Behav. 2008;76(4):1187–1199. http://dx.doi.org/10.1016/j.anbehav.2008.06.004.

334. Wasserman GA, Lewis M. Infant sex differences: ecological effects. Sex Roles. 1985;12:665–675.
335. Weissman MM, Bland RC, Canino GJ, Faravelli C, Greenwald S, Hwu HG, et al. Cross-national epidemiology of major depression

and bipolar disorder. JAMA. 1996;276(4):293–299. http://dx.doi.org/10.1001/jama.1996.03540040037030. [PubMed]
336. Willadsen M, Seffer D, Schwarting RK, Wöhr M. Rodent ultrasonic communication: male prosocial 50-kHz ultrasonic vocalizations

elicit social approach behavior in female rats (Rattus norvegicus) J Comp Psychol. 2014 (Advance Online Publication) [PubMed]
337. Williams CL, Pleil KE. Toy story: why do monkey and human males prefer trucks? Comment on sex differences in Rhesus monkey

toy preferences parallel those of children by Hassett, Siebert and Wallen. Horm Behav. 2008;54(3):355–358.
http://dx.doi.org/10.1016/j.yhbeh.2008.05.003. [PMC free article] [PubMed]

338. Xu Q, Yang Y, Wang P, Sun G, Zhao L. Gender differences in preattentive processing of facial expressions: an ERP Study. Brain
Topogr. 2013;26(3):488–500. http://dx.doi.org/10.1007/s10548-013-0275-0. [PubMed]

339. Yamamoto S, Humle T, Tanaka M. Chimpanzees’ flexible targeted helping based on an understanding of conspecifics’ goals. Proc
Natl Acad Sci. 2012;109(9):3588–3592. http://dx.doi.org/10.1073/pnas.1108517109. [PMC free article] [PubMed]

340. Yang C, Decety J, Lee S, Chen C, Cheng Y. Gender differences in the mu rhythm during empathy for pain: an
electroencephalographic study. Brain Res. 2009;1251:176–184. http://dx.doi.org/10.1016/j.brainres.2008.11.062. [PubMed]

341. Yip EC, Rayor LS. Maternal care and subsocial behaviour in spiders. Biol Rev. 2014 http://dx.doi.org/10.1111/brv.12060 (In press)
(Advance Online Publication) [PubMed]

342. Zahn-Waxler C, Radke-Yarrow M. The development of altruism: alternative research strategies. In: Eisenberg N, editor. The
Development of Prosocial Behavior. Academic Press; New York: 1982.

343. Zahn-Waxler C, Radke-Yarrow M, Brady-Smith J. Perspective-taking and prosocial behavior. Dev Psychol. 1977;13:87–88.
344. Zahn-Waxler C, Radke-Yarrow M, Wagner E, Chapman M. Development of concern for others. Dev Psychol. 1992a;28(1):126–136.

http://dx.doi.org/10.1037/0012-1649.28.1.126.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3044405/
https://www.ncbi.nlm.nih.gov/pubmed/21300863
http://dx.doi.org/10.3200/GNTP.168.2.105-130
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3197271/
https://www.ncbi.nlm.nih.gov/pubmed/17936968
https://www.ncbi.nlm.nih.gov/pubmed/16173673
http://dx.doi.org/10.1177/1754073911421379
http://dx.doi.org/10.1016/j.anbehav.2008.06.004
http://dx.doi.org/10.1001/jama.1996.03540040037030
https://www.ncbi.nlm.nih.gov/pubmed/8656541
https://www.ncbi.nlm.nih.gov/pubmed/24188619
http://dx.doi.org/10.1016/j.yhbeh.2008.05.003
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2755553/
https://www.ncbi.nlm.nih.gov/pubmed/18586246
http://dx.doi.org/10.1007/s10548-013-0275-0
https://www.ncbi.nlm.nih.gov/pubmed/23371479
http://dx.doi.org/10.1073/pnas.1108517109
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3295314/
https://www.ncbi.nlm.nih.gov/pubmed/22315399
http://dx.doi.org/10.1016/j.brainres.2008.11.062
https://www.ncbi.nlm.nih.gov/pubmed/19083993
http://dx.doi.org/10.1111/brv.12060
https://www.ncbi.nlm.nih.gov/pubmed/24171917
http://dx.doi.org/10.1037/0012-1649.28.1.126


01/11/2017 Empathy: Gender effects in brain and behavior

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5110041/ 53/53

345. Zahn-Waxler C, Robinson JL, Emde RN. The development of empathy in twins. Dev Psychol. 1992b;28(6):1038.
http://dx.doi.org/10.1037/0012-1649.28.6.1038.

346. Zahn-Waxler C, Schiro K, Robinson JL, Emde RN, Schmitz S. Empathy and prosocial patterns in young MZ and DZ twins. In: Emde
RN, Hewitt JK, editors. Infancy to Early Childhood: Genetic and Environmental Influences on Developmental Change. Oxford
University Press; New York, NY: 2001. pp. 141–162.

347. Zaki J, Ochsner K. The need for a cognitive neuroscience of naturalistic social cognition. Ann NY Acad Sci. 2009;1167:16–30.
http://dx.doi.org/10.1111/j.1749-6632.2009.04601.x. [PMC free article] [PubMed]

348. Zaki J, Ochsner KN. The neuroscience of empathy: progress, pitfalls and promise. Nat Neurosci. 2012;15(5):675–680.
http://dx.doi.org/10.1038/nn.3085. [PubMed]

http://dx.doi.org/10.1037/0012-1649.28.6.1038
http://dx.doi.org/10.1111/j.1749-6632.2009.04601.x
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2897139/
https://www.ncbi.nlm.nih.gov/pubmed/19580548
http://dx.doi.org/10.1038/nn.3085
https://www.ncbi.nlm.nih.gov/pubmed/22504346

	BULLETIN N°218 brouillon IHL 02 11 17
	TABLE DES MATIERES
	ACADEMIE   EUROPEENNE   INTERDISCIPLINAIRE   DES   SCIENCES

	Empathy_ Gender effects in brain and behavior

